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Engine  fuel  control  systems. 

A  mechanical  variable  authority  trim  mixer  for  controlling 
the  flow  of  fuel  to  an  engine  receives  a  main  input  from  the 
throttle  lever  and  a  second  input  from  a  trim  actuator  motor. 
The  trim  mixer  combines  the  inputs  to  produce  a  single  output 
operably  connected  to  the  fuel  metering  control  of the  engine. 
A  programmed  cam  modifies  or  neutralises  the  effects  of  the 
trim  input  through  selected  ranges  of the  main  throttle  input 
stroke. 



This   i n v e n t i o n   r e l a t e s   to  a  m e c h a n i c a l   v a r i a b l e  

a u t h o r i t y   t r i m   mixer   which   a c t s   to  c o  m b i n e   a  p r i m a r y  
m e c h a n i c a l   i n p u t   from  a  t h r o t t l e ,   a  s e c o n d a r y  
m e c h a n i c a l   i n p u t   from  a  f u e l   t r i m m i n g   a c t u a t o r   and  a  
t h i r d   i n p u t   from  a  cam  e l e m e n t   which  m o d i f i e s   o r  
n e u t r a l i s e s   the  a u t h o r i t y   of  the   t r i m   a c t u a t o r   t h r o u g h  
s e l e c t e d   r a n g e s   of  the   t h r o t t l e   s t r o k e   to  p r o d u c e  
a  s i n g l e   o u t p u t   which  is  c o n v e y e d  t o   a  f u e l   m e t e r i n g  
c o n t r o l   sy s t em  a s s o c i a t e d   wi th   an  e n g i n e ,   and  m o r e  
p a r t i c u l a r l y ,   to  a  v a r i a b l e   a u t h o r i t y   t r i m   mixer   o f  
the  d e s c r i b e d   type   fo r   use  as  a  f u e l   c o n t r o l   l i n k a g e  
member  in  an  a i r c r a f t   which  m o d i f i e s   or  n e u t r a l i s e s  
the  a u t h o r i t y   of  the  t r i m   a c t u a t o r   to  i n f l u e n c e   t h e  

o u t p u t   when  the  p r i m a r y   t h r o t t l e   is  in  c r i t i c a l   a r e a s  
of  i t s   s t r o k e .  

A  wide  v a r i e t y   of  d e v i c e s   are  used  to  communica te   a  
d e s i r e d   t h r o t t l e   s e t t i n g   from  the  t h r o t t l e   q u a d r a n t  
of  an  a i r c r a f t   to  t he   f u e l   c o n t r o l   a s s o c i a t e d   w i th   t h e  

e n g i n e .   T y p i c a l l y ,   d i r e c t   m e c h a n i c a l   or  e l e c t r o n i c  

l i n k a g e   b e t w e e n   the   t h r o t t l e   and  f u e l   c o n t r o l   have  b e e n  

employed   to  c o n t r o l   the   amount  of  f u e l   which  is  p r o v i d e d  
to  an  e n g i n e   to  p r o v i d e   c o n t r o l   b a s e d   upon  s p e e d ,  
t e m p e r a t u r e ,   or  o t h e r   s e l e c t e d   e n g i n e   p a r a m e t e r s .  

I t   has  been  found  to  be  d e s i r a b l e   to  t r i m ,   o r  
a u t o m a t i c a l l y   f i n e   t u n e ,   the  amount  of  f u e l   d e l i v e r e d  
to  the  e n g i n e   w i t h o u t   d i r e c t   p i l o t   movement   of  the  t h r o t t l e s  
and  w i t h o u t   the  use  of  an  a u t o t h r o t t l e .   This  a l l o w s  
the  p i l o t   to  s e l e c t   an  a p p r o p r i a t e   t h r o t t l e   s e t t i n g   f o r  
each  f l i g h t   mode  and  t hen   t u r n   h i s   a t t e n t i o n   to  o t h e r  
d u t i e s   w h i l e  t h e   e n g i n e   is   a u t o m a t i c a l l y   t r immed .   An 



e n g i n e   management   s y s t e m   fo r   a c c o m p l i s h i n g   t h i s   i s  
d i s c l o s e d   in  U.S.  P a t e n t   A p p l i c a t i o n   No.  
e n t i t l e d   "Engine   Management   System"  by  Leon  D.  L e w i s  
and  f i l e d   c o n c u r r e n t l y   h e r e w i t h .  

The  p r e s e n t   i n v e n t i o n   is  a l s o   i n t e n d e d   fo r   u s e  
w i t h   the  s a i d   e n g i n e   management   s y s t e m .  

In  such  a  s y s t e m ,   p a r t i c u l a r   c a re   must  be  t a k e n   t o  
c o n t r o l   the   e n g i n e   when  the  t h r o t t l e   s e t t i n g   is  nea r   t h e  

upper   or  lower   end  of  t he   f o r w a r d   t h r u s t   t h r o t t l e   s t o k e ,  
inasmuch   as  t h e r e   is  a  h i g h e r   p o s s i b i l i t y   t h a t   a  
t r i m m i n g   sy s t em  m a l f u n c t i o n   c o u l d   c ause   a  l o s s   of  maximum 
t h r u s t   of  f l a m e o u t   r e s p e c t i v e l y .   A d d i t i o n a l   c a re   must  b e  
t a k e n   d u r i n g   r e v e r s e   t h r u s t   o p e r a t i o n s ,   d u r i n g   a i r c r a f t  

l a n d i n g   to  e l i m i n a t e   t he   p o s s i b i l i t y   of  down  t r i m   s i n c e  

such  an  o c c u r r e n c e   c o u l d   c ause   l o s s   of  s u f f i c i e n t   b r a k i n g  
to  s top   the   a i r c r a f t .  

A c c o r d i n g   to  the   p r e s e n t  i n v e n t i o n   a  m e c h a n i c a l  

v a r i a b l e   a u t h o r i t y   f u e l   c o n t r o l   for   an  e n g i n e   p a r t i c u l a r l y  
an  a i r c r a f t   e n g i n e ,   c o m p r i s e s   i n p u t   means  r e s p o n s i v e  
to  a  b a s i c   s i g n a l   f rom  a  t h r o t t l e   c o n t r o l   member  d e m a n d i n g  

a  d e s i r e d   b a s i c   r a t e   of  f low  of   f u e l ,   an  o u t p u t   member  w h i c h  

is  r e s p o n s i v e   to  the   i n p u t   means  and  of  w h i c h  t h e   m o v e m e n t  

forms  an  o u t p u t   s i g n a l   c o n t r o l l i n g   m e t e r i n g   means  t o  

d e t e r m i n e   the   a c t u a l   f low  of  f u e l ,   t r i m   means  r e s p o n s i v e  
to  a  t r i m   s i g n a l   n o r m a l y   a  f u n c t i o n   of  at   l e a s t   one  e n g i n e  

p a r a m e t e r   or  f l i g h t   p a r a m e t e r   and  a r r a n g e d   to  va ry   t h e  

o u t p u t   s i g n a l   r e s u l t i n g   f rom  a  g i v e n   p o s i t i o n   of  t h e  

i n p u t   means,   and  m o d i f y i n g   means  m e c h a n i c a l l y   d e p e n d e n t  

on  the   p o s i t i o n   of  t he   i n p u t   means  fo r   m o d i f y i n g   t h e  

v a r i a t i o n   of  the   p o s i t i o n   of  the   o u t p u t   member  p r o d u c e d   b y  

a  g i v e n   movement  of  the   t r i m   m e a n s .  



P r e f e r a b l y   the  m o d i f y i n g   means  a re   such  t h a t  

at   l e a s t   at   one  p o s i t i o n   of  the   i n p u t   means  the   t r i m  

means  p r o d u c e   zero   m o d i f i c a t i o n   of  the   o u t p u t   s i g n a l .  

C o n v e n i e n t l y ,   the   m o d i f y i n g   means  c o m p r i s e   a  cam  a n d  

cam  f o l l o w e r .  

In  one  form  of  the  i n v e n t i o n   the   sys t em  i n c l u d e s  

an  i n p u t   member  and  an  o u t p u t   member  mounted   c o a x i a l l y  
to  t u r n   a b o u t   a  main  a x i s   and  one  c a r r y i n g   a  sun  g e a r  
w h i l e   the   o t h e r   c a r r i e s   a  p l a n e t   c a r r i e r ,   a  p l a n e t   g e a r  
mounted  on  the  p l a n e t   c a r r i e r   to  mesh  w i th   the   sun  g e a r  
and  to  t u r n   abou t   a  p l a n e t   ax i s   p e r p e n d i c u l a r   to  the  m a i n  

a x i s ,   so  t h a t   movement  of  the   p l a n e t   gea r   abou t   i t s   a x i s  
w i l l   add  to  or  s u b t r a c t   from  movement  of  the   s u n  

gear   due  to  t h a t   of  the  i n p u t   member,  and  cam  m e a n s  

s e r v i n g   to  e f f e c t   movement  of  the   p l a n e t   abou t   i t s  

a x i s   d e p e n d e n t   upon  the  t r i m   s i g n a l .   C o n v e n i e n t l y  
the  sun  gea r   and  p l a n e t   gear   are  mesh ing   b e v e l s .  

The  p l a n e t   c a r r i e r   may  c a r r y   a  cam  f o l l o w e r   s p a c e d  
t h e r e f r o m   and  c o - o p e r a t i n g   w i th   a  cam  g e n e r a l l y   c o n f o r m i n g  
to  the  pa th   of  the  f o l l o w e r   and  shaped   to  have  a  

p o s i t i o n   in  which  i t   p r o d u c e s   no  movement  of  the  f o l l o w e r  

p a r a l l e l   to  the  main  a x i s   due  to  r o t a t i o n   of  the   cam,  
but   a d j u s t a b l e   in  a c c o r d a n c e   wi th   the  t r i m   s i g n a l   t o  

p r o d u c e   more  or  l e s s   t u r n i n g   of  the  f o l l o w e r   and  p l a n e t  
to  add  to  or  s u b t r a c t   from  the   b a s i c   movement  of  t h e  

o u t p u t   m e m b e r .  
In  one  a r r a n g e m e n t   the  cam  has  a  m o v a b l e  p a r t -  

c i r c u l a r   t r a c k   hav ing   a  zero  p o s i t i o n   c o a x i a l   w i t h   t h e  

main  a x i s   and  is  a d j u s t a b l e   a b o u t   an  ax i s   p e r p e n d i c u l a r  
t h e r e t o   d e p e n d e n t   on  the   t r i m   s i g n a l .  



Thus,   the   cam  may  have  a  s e m i c i r c u l a r   t r a c k  

a d j u s t a b l e   a b o u t   a  d i a m e t e r   p e p e n d i c u l a r   to  the  main  a x i s  

so  t h a t   when  the   i n p u t   s i g n a l   is  such  t h a t   t he   f o l l o w e r  

engages   e i t h e r   end  of  the   t r a c k   a d j u s t m e n t   a b o u t   t h e  
d i a m e t e r   p r o d u c e d   no  t u r n i n g   of  the   p l a n e t   w h e r e a s   when  
the  f o l l o w e r   is  in  a n . i n t e r m e d i a t e   p o s i t i o n ,   i t   p r o d u c e s  
a  maximum  t u r n i n g   movement  of  the   p l a n e t   fo r   a  
g iven   t r a c k   d i s p l a c e m e n t .  

P r e f e r a b l y   i t   a l s o   i n c l u d e s   a  f i x e d   t r a c k   f o r m i n g  
a  c o n t i n u a t i o n   of  the   s e m i - c i r c u l a r   a d j u s t a b l e   t r a c k  

at  each  end  of  t he   l a t t e r ,   so  t h a t   a t   each  end  of  t h e  

r ange   of  movement  of  the   i n p u t   member  in  which  t h e  
t r i m   s i g n a l   c o n t r i b u t e s   a  component   to  the   o u t p u t  
s i g n a l   t h e r e   is   a  f u r t h e r   r ange   in  which   the   t r i m  

s i g n a l   c o n t r i b u t e s   no  component   to  the   o u t p u t   s i g n a l .  
F u r t h e r   f e a t u r e s   and  d e t a i l s   of  the   i n v e n t i o n  

w i l l   be  a p p a r e n t   from  the   f o l l o w i n g   d e s c r i p t i o n   of  c e r t a i n  

s p e c i f i c   e m b o d i m e n t s ,   g i v e n   by  way  of  e x a m p l e ,   w i t h  
r e f e r e n c e   to  the   a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h : -  

FIGURE  1  is  a  p a r t i a l l y   b r o k e n   away  i s o m e t r i c  

view  of  a  f i r s t   embodiment   of  the   v a r i a b l e   a u t h o r i t y  
t r i m   m i x e r ,   in  a c c o r d a n c e   wi th   the  p r e s e n t   i n v e n t i o n ;  

FIGURES  2-5  a re   p a r t i a l l y   b r o k e n   away  f r o n t  

e l e v a t i o n a l   v iews   of  s e l e c t e d   p a r t s   of  the   v a r i a b l e  

a u t h o r i t y   t r i m   mixer   of  FIGURE  1  showing   v a r i o u s  

o p e r a t i o n a l   c o n f i g u r a t i o n s   t h e r e o f ;  

FIGURE  6  is  an  i s o m e t r i c   view  of  a  s econd   e m b o d i m e n t  

of  the  p r e s e n t   i n v e n t i o n ;  

FIGURES  7  and  9  a re   top  p l an   v i e w s ,   and  FIGURES 

8  and  10  a re   e l e v a t i o n a l   v iews  of  the   d e v i c e   o f  

FIGURE  6  i l l u s t r a t i n g   v a r i o u s   o p e r a t i o n a l   c o n f i g u r a t i o n s  

t h e r e o f ;  



FIGURE  11  is  an  i s o m e t r i c   view  of  a  t h i r d  

embodiment   of  the  p r e s e n t   i n v e n t i o n ;  
FIGURE  12  is  a  g raph   i l l u s t r a t i n g   the   o p e r a t i o n  

of  the   v a r i a b l e   a u t h o r i t y   t r i m   mixe r   of  the   p r e s e n t  
i n v e n t i o n ;  

FIGURE  13  is  a  top  p l an   view  of  an  a i r c r a f t  
which   u t i l i s e s   the  t r i m   mixer   of  the   p r e s e n t   i n v e n t i o n ;  

FIGURE  14  is   a  b l o c k   d i a g r a m   of  a  f u e l   c o n t r o l  

sy s t em  which  u t i l i s e s   the  t r i m   mixe r   of  the   p r e s e n t  
i n v e n t i o n ;  

FIGURE  15  is  a  d i a g r a m m a t i c   s k e t c h   of  a  s y s t e m  
which  uses   the   t h r o t t l e   l i n k a g e   c o n t r o l   of  the   p r e s e n t  
i n v e n t i o n ;  

FIGURE  16  is   a  p l a n   view  of  the  p l a n e t a r y   g e a r  
sys t em  of  the  p r e s e n t   i n v e n t i o n   when  the  t h r o t t l e   l e v e r  
is  in  one  p o s i t i o n ;  

FIGURE  17  is  a  s i d e   e l e v a t i o n a l   view  of  the  d e v i c e  
of  FIGURE  16  t a k e n   a l ong   l i n e  1 7  

FIGURE  18  is  a  p l an   view  of  the   d e v i c e   o f  

FIGURE  16  w i th   a  movable   cam  in  a  f i r s t   mode ;  
FIGURE  19  is  a  p l an   view  s i m i l a r   to  FIGURE  16 

wi th   the  t h r o t t l e   l e v e r   in  a  s econd   p o s i t i o n ;  
FIGURE  20  is  a  s ide   e l e v a t i o n a l   view  of  the   d e v i c e   o f  

FIGURE  19  t a k e n   a long   l i n e   3 a ;  

FIGURE  21  is  a  p l an   view  of  the   d e v i c e   of  FIGURE 

19  when  the   movable   cam  is  in  the  f i r s t   t r i m m i n g   p o s i t i o n ;  
FIGURE  22  is   a  p l a n   view  of  the   d e v i c e   of  FIGURE  19 

when  the  movab le   cam  is  in  the   s econd   t r i m m i n g   p o s i t i o n ;  

FIGURE  23  is  a  p l a n   view  s i m i l a r   to  FIGURE  16 

wi th   the   t h r o t t l e   l e v e r   in  a  t h i r d   p o s i t i o n ;  
FIGURE  24  is  a  s i d e   e l e v a t i o n a l   view  of  t h e  

d e v i c e   of  FIGURE  23  t a k e n   a l o n g   l i n e   2 3 ;  



FIGURE  25  is   a  p l a n   view  of  the   d e v i c e   o f  

FIGURE  23  w i th   the  movable   cam  in  the  f i r s t   t r i m m i n g  

p o s i t i o n ;  
FIGURE  26  is  a  p l a n   view  s i m i l a r   to  FIGURE  16 

wi th   the  t h r o t t l e   l e v e r   in  a  r e v e r s e   t h r u s t   p o s i t i o n ;  
FIGURE  27  is  a n  e l e v a t i o n a l   view  of  the  d e v i c e  

of  FIGURE  26  t a k e n   a l o n g   l i n e   2 6 ;  
FIGURES  28-30  a re   d e t a i l e d   e l e v a t i o n a l s   of  a  c e n t r a l  

r o t a t i n g   a s s e m b l y   and  cam  e l e m e n t s   of  the   d e v i c e  

of  FIGURE  1 6 ; a n d  
FIGURE  31  is  a  g raph   s i m i l a r   to  FIGURE  12  s h o w i n g  

o p e r a t i o n a l   r e l a t i o n s h i p s   for   the   embodiment   of  the   p r e s e n t  
i n v e n t i o n   shown  in  FIGURES  1 5 - 3 0 .  

R e f e r r i n g   now  to  the  d r a w i n g s   FIGURES  1,  13  and  14 

show  a  f i r s t   embodiment   of  t h e   v a r i a b l e   a u t h o r i t y  
t r i m   m i x e r ,   general ly   designated  by  the  r e f e r e n c e   n u m e r a l  

10,  of  the   p r e s e n t   i n v e n t i o n   and  i t s   p o s i t i o n   in  a  f u a l  
c o n t r o l   sy s t em  11  fo r   c o m b i n i n g   an  a n g u l a r   i n p u t  γ  
from  a  t h r o t t l e   q u a d r a n t   15  of  an  a i r c r a f t   13  w i th   a  
s econd   a n g u l a r   i n p u t   @  from  a  t r i m   a c t u a t o r   motor   1 2 ,  
to  d e r i v e   an  o u t p u t   a n g u l a r   m o v e m e n t  g   which   i s  
c o m m u n i c a t e d   to  a  f u e l   c o n t r o l   d e v i c e   a d j a c e n t   a n  

e n g i n e   to  t h e r e b y   c o n t r o l   the  amount  of  f u e l   which  i s  

d e l i v e r e d   t h e r e t o .   As  shown  in  FIGURE  14,  in  a  

m u l t i p l e   e n g i n e   a i r c r a f t ,   w h e r e i n   the   t h r o t t l e   q u a d r a n t  
15  c o n t a i n s   a  t h r o t t l e   l e v e r   17  for   each  e n g i n e   1 9 ,  

a  v a r i a b l e   a u t h o r i t y   t r i m   mixer   10  w i l l   be  i n t e r p o s e d  
in  the   d r i v e   l i n k a g e   be tween   each   t h r o t t l e   l e v e r   17  a n d  

e n g i n e   1 9 .  

The  v a r i a b l e   a u t h o r i t y   t r i m   mixer   10  i n c l u d e s   a  



t h r o t t l e   i n p u t   arm  14,  which  is  d e s i g n e d   to  r o t a t e  

abou t   an  a x i s   XX  which  in  t u r n ,   is  f i x e d   r e l a t i v e   t o  

g round   as  e s t a b l i s h e d   by  the  a i r c r a f t   13  on  w h i c h  

the   mixe r   is  u sed .   The  p o s i t i o n i n g   of  each  t h r o t t l e  
l e v e r   17  r e l a t i v e   to  i t s   l i m i t s   of  movement ,   c a u s e s  
a  p r o p o r t i o n a l   p o s i t i o n i n g   of  the  t h r o t t l e   i n p u t   arm  14 
be tween   i t s   e x t r e m e   l i m i t s   of  movement .   This  i s  

a c c o m p l i s h e d   by  t r a n s f e r r i n g   the  a n g u l a r   mo t ion   of  t h e  
t h r o t t l e   l e v e r   17  to  be  t h r o t t l e   i n p u t   arm  14,  by  a  
c o n t r o l   c a b l e   or  o t h e r   means  we l l   known  to  t h o s e  
s k i l l e d   in  the  a r t ,   to  t h e r e b y   cause   f o r c e s   to  b e  

a p p l i e d   to  a  p r o t u b e r a n c e   16 which  is  i n t e g r a l l y  
formed  w i th   a  cap  18  of  the   t h r o t t l e   i n p u t   arm  1 4 .  

Two  g e n e r a l l y   p a r a l l e l   l i n e a r   g u i d e s   120  i n t e r c o n n e c t  
the  cap  18  and  a  hub  22.  As  is  shown  in  FIGURE  1 ,  
the  a x i s   of  t he   hub  22  is  c o e x t e n s i v e   w i th   a x i s  
XX  to  a l l o w   t h r o t t l e   i n p u t   arm  14  to  r o t a t e  
t h e r e a b o u t .  

A  b o r e d   r e c i p r o c a b l e   b lock   24  is  a r r a n g e d  
on  the   g u i d e s   20  of  the  t h r o t t l e   i n p u t   arm  14  s o  

as  to  be  s l i d a b l e   a x i a l l y   t h e r e o n .   A  t h r o t t l e   d o w e l  
26  is   s u i t a b l y   s e c u r e d   to  the   bo red   r e c i p r o c a l   b l o c k  
24  in  a  f i x e d   r e l a t i o n s h i p   t h e r e t o   to  be  m o v a b l e  

t h e r e w i t h .   A  f o l l o w e r   28  is  s u i t a b l y   c o n s t r a i n e d  

to  an  a r e a   of  the   t h r o t t l e   dowel  26  so  as  to  r i d e   u p o n  
s u r f a c e s   29  of  a  cam  e l e m e n t   30.  I t   is  the   s h a p e  a n d  
c o n t o u r   of  the   s u r f a c e s   29  of  the   cam  30  w h i c h  

d e t e r m i n e   and  d e f i n e   the  a u t h o r i t y   for   t r i m   as  w i l l   b e  

more  f u l l y   d e s c r i b e d  h e r e i n   b e l o w .  

A  t h r o t t l e   head  32  is  p r o v i d e d   on  the  end  of  t h e  

t h r o t t l e   dowel  26  f u r t h e s t   from  the   bo red   r e c i p r o c a l  



b l o c k   24  to  r i d e   in  an  e l o n g a t e d   s l o t   33  of  a n  
i n p u t   m i x i n g   arm  34.  A  second   e l o n g a t e d   s l o t   36  i s  

p r o v i d e d   a t   the   o p p o s i t e   end  of  t he   e l o n g a t e d   m i x i n g  
arm  34  and  r e c e i v e s   a  t r i m m i n g   head  38  of  a  t r i m m i n g  
dowel  40.  The  t r i m m i n g   dowel  40  is  r i g i d l y   a f f i x e d  

nea r   one  end  of  a  t r i m   i n p u t   arm  42  which  may  b e  
r o t a t e d   a b o u t   an  ax i s   YY  by  the  t r i m   a c t u a t o r   m o t o r  

1 2 .  

An  o u t p u t   arm  .44  is  i n t e g r a l l y   formed  w i th   a n  
o u t p u t   hub  45  and  s u i t a b l y   j o u r n a l e d   w i th   r e s p e c t   t o  
a x i s   XX  to  r o t a t e   t h e r e a b o u t .   An  o u t p u t   dowel  46  i s  
a f f i x e d   nea r   the   uppe r   end  of  the   o u t p u t   arm  44  a n d  
i n c l u d e s   an  o u t p u t   head  48  which  a l s o   r i d e s   i n  

e l o n g a t e d   s l o t   33,  but   o f f s e t   from  t h r o t t l e   head  32 

to  a l l ow   bo th   heads   48  and  32  to  r i d e   the   f u l l   l e n g t h  
of  s l o t   33.  An  end  47  of  the   o u t p u t   dowel  46 

o p p o s i t e   the   o u t p u t   head  48  is   s u i t a b l y   and  o p e r a b l y  
c o n n e c t e d   to  f u e l   m e t e r i n g   d e v i c e   49  (FIGURE  14)  t o  
c o n t r o l   the   f u e l   f low  to  the  e n g i n e   in  r e s p o n s e   t o t h e  

p o s i t i o n   of  o u t p u t   arm  44.  S u i t a b l e   c o v e r i n g s   no t   shown 

in  the  d r a w i n g s   may  be  p l a c e d   over   the   end  of  m i x e r  

arm  34  to  p r e v e n t   the   r emova l   of  the   heads   48,  32,  a n d  

38  from  the   s l o t s   33  and  3 6 .  

A  s y s t e m   i n c l u d e s   a  f l o a t i n g   l e v e r   h a v i n g   t h r e e  

p i v o t s   c o n n e c t e d   r e s p e c t i v e l y   to  the  i n p u t   member,  t h e  

o u t p u t   member,  and  a  member  movable   in  a c c o r d a n c e   w i t h  

the   t r i m   s i g n a l   a t   l e a s t   one  of  which  p i v o t s   i s  

a d j u s t a b l e   a l ong   the  l e v e r   to  and  from  a  p o s i t i o n  

in  which  the  i n p u t   and  o u t p u t   p i v o t s   a re   c o a x i a l  

so  t h a t   the   o u t p u t   movement  is  i n d e p e n d e n t   of  the   t r i m  

s i g n a l .  



The  o p e r a t i o n   of  the   f i r s t   embodiment   is  m o r e  

r e a d i l y   u n d e r s t o o d   by  r e f e r e n c e   to  FIGURES  1  t h r o u g h  
5  and  14.  The  v a r i a b l e   a u t h o r i t y   t r i m   mixer   10  r e c e i v e s  

an  a n g u l a r   i n p u t  γ   from  the  t h r o t t l e   q u a d r a n t   15 

by  p o s i t i o n i n g   of  the  t h r o t t l e   l e v e r s   17  of  t h e  
a i r c r a f t   13  and  c a u s e s   c o r r e s p o n d i n g   r o t a t i o n   o f  
the  t h r o t t l e   i n p u t   arm  14  and  ax i s   XX.  This   movement  o f  
the   t h r o t t l e   i n p u t   arm  14  c a u s e s   t h r o t t l e   dowel  26 

to  i m p a r t   a  d e s i r e d   r o t a t i o n   to  the   mixe r   arm  34  a b o u t  
the  a x i s   of  the   t r i m   dowel  4 0 .   As  is   r e a d i l y   a p p a r e n t ,  
t h i s   movement  t r a n s l a t e s   the  a x i s   of  t h r o t t l e   dowel  26 

t h r o u g h   a  v a r i e t y   of  s e l e c t e d   p o s i t i o n s   and  a l s o  

r o t a t e s   o u t p u t   dowel  .46  of  o u t p u t   arm  44 

to  i m p a r t   the   d e s i r e d   e f f e c t   upon  the  f u e l   m e t e r i n g  
d e v i c e   of  the   e n g i n e   in  d i r e c t   r e s p o n s e   to  the   t h r o t t l e  

q u a d r a n t   i n p u t   γ .   A f t e r   the   t h r o t t l e   l e v e r   17  is  s e t  
to  a  d e s i r e d   p o s i t i o n ,   i t  i s   l o c k e d   a g a i n s t   m o t i o n   b y  
the  v a r i a b l e   a u t h o r i t y   t r i m   mixer   10  t h r o u g h   the  u s e r  
of  means  such  as  t h r o t t l e   l o c k i n g   m e c h a n i s m s ,   "no  b a c k s "  

or  even  d rag   a s s o c i a t e d   w i th   the   t h r o t t l e   l i n k a g e  

l e a d i n g   to  the  mixer   if   s u f f i c i e n t .  

As  p r e v i o u s l y   d i s c u s s e d ,   i t   is  d e s i r a b l e  

to  be  a b l e   to  t r i m   the  amount  of  f u e l   which  i s  
d e l i v e r e d   to  t h e - e n g i n e r   e i t h e r   above  or  be low  t h a t  

which  has  been  i n d i c a t e d   by  the  p i l o t   as  the   d e s i r e d  

f u e l   f low  r a t e   by  h i s   t h r o t t l e   1 7   s e t t i n g ,   w i t h o u t  p i l o t  

or  a u t o t h r o t t l e   m a n i p u l a t i o n   or  movement  of  the   t h r o t t l e  

l e v e r s   17.  This   is   a c c o m p l i s h e d   in  the   v a r i a b l e   a u t h o r i t y  
t r i m   mixer   10  t h r o u g h   the   a c t i v a t i o n   of  the   t r i m   motor   1 2 ,  

v ia   the  use  of  e l e c t r i c   c u r r e n t   i n p u t s   t h e r e t o   from  a n  



e l e c t r o n i c   c o n t r o l   sys tem  43  (FIGURE  14),   such  as  t h a t  

d e s c r i b e d   in  the   a f o r e m e n t i o n e d   c o - p e n d i n g   p a t e n t  

a p p l i c a t i o n .   A c t i v a t i o n   of  the   t r i m   motor   12  c a u s e s  
r o t a t i o n   of  t r i m   i n p u t   arm  42  from  i t s   c e n t e r e d   or  n o n -  
a c t i v a t e d   p o s i t i o n   to  a  commanded  p o s i t i o n   such  as  f r o m  

the  p o s i t i o n   shown  in-FIGURE  2,  to  the   p o s i t i o n   shown  i n  

FIGURE  3.  This  r o t a t i o n   c a u s e s   a  c o r r e s p o n d i n g   m o t i o n   o f  

t r i m m i n g   dowel  .40  and  t r i m m i n g   head  38  w i t h i n   the  s e c o n d  

e l o n g a t e d   s l o t   36  to  p i v o t   the   mixer   arm  .34  abou t   t h e  

a x i s   of  the  t h r o t t l e   dowel  and  head  26  and  32  w h i c h  
r e m a i n s   f i x e d .  

When  the  t h r o t t l e   i n p u t   arm  14  is  moved  t h r o u g h  
i t s   o p e r a t i n g   r a n g e ,   cam  s u r f a c e   29  of  cam  30  c a u s e s  

a  programmed  m o t i o n   of  cam  f o l l o w e r   28  and  t h r o t t l e  

dowel  26  such  t h a t   b l o c k   24  moves  r a d i a l l y   o u t w a r d  

or  r a d i a l l y   i nward   a long   the  l i n e a r   g u i d e s   20  on  t h e  

t h r o t t l e   i n p u t   arm  14.  C o r r e s p o n d i n g   m o t i o n   of  t h e  

t h r o t t l e   head  32  and  the   t h r o t t l e   dowel  26  o c c u r s ,  

c u a s i n g   i t   to  a p p r o a c h   a l i g n m e n t   w i th   o u t p u t   h e a d  

48  of  the  o u t p u t   dowel  46.  In  the   p r e f e r r e d  

embod imen t ,   the  cam  30  is  c o n s t r u c t e d   so  t h a t   h e a d s  

.32  and  48  and  a c c o r d i n g l y   dowels   26  and  46  b e c o m e  

a x i a l l y   a l i g n e d   nea r   the   end  p o r t i o n s   of  the   p e r m i s s i b l e  

m o t i o n   of  the  t h r o t t l e . i n p u t   arm  14  and  a re   out  o f  

a l i g n m e n t   t h r o u g h   the   r e m a i n d e r   of  the   p r e m i s s i b l e   m o t i o n  

of  the  i n p u t   arm  14  s t r o k e .  

FIGURES  2  and  3  i l l u s t r a t e   f u e l   c o n t r o l  t r i m m i n g  

o p e r a t i o n   of  t he   v a r i a b l e   a u t h o r i t y   t r i m   mixe r   .10  when  

the   t h r o t t l e   i n p u t   arm  14  is  in  the  r a n g e   i n t e r m e d i a t e  

the   ex t r eme   ends  of  i t s   s t r o k e   w h e r e i n   the  axes  o f  

t h r o t t l e   dowel  26  and  head  -32  are  in  a  n o n - c o i n c i d e n t  

r e l a t i o n s h i p   w i th   the   axes  of  o u t p u t   dowel  46  a n d  



head  48  of  the   o u t p u t   arm  4 4 .  

FIGURE  2  shows  the   t h r o t t l e   i n p u t   arm  14  in  t h e  

c e n t r e   of  i t s   s t r o k e   where ,   in  t h i s   embodiment   ( s e e  

FIGURE  1),   the   shape   of  the  cam  30  p r o d u c e s   t h e  

g r e a t e s t   d i s t a n c e   be tween   the   axes   of  dowels   26 
and  .46.  The  o u t p u t  a r m   44  which  is  i l l u s t r a t e d   by  t h e  
head  48  (in  FIGURES  2  and  3)  of  o u t p u t   arm  d o w e l  
46  is  seen  to  be  in  a l i g n m e n t   w i th   t h r o t t l e   i n p u t   arm  1 4 .  
This   a l i g n m e n t   r e s u l t s   from  an  a b s e n c e   of  t r i m m i n g  
o p e r a t i o n   by  the  t r i m   motor   12  as  can  be  seen  f r o m  

the   v e r t i c a l   o r i e n t a t i o n   of  the   t r i m   arm  4 2 .  

If   a  sys tem  for   c o n t r o l l i n g   t h r o t t l e   t r i m  

o p e r a t i o n   demands  f u e l   f low  at   a  r a t e   g r e a t e r   t han   t h a t  

r e q u e s t e d   by  the  f l i g h t   crew  t h r o u g h   p o s i t i o n i n g   o f  
the   t h r o t t l e   l e v e r   17 ,a   command  s i g n a l   w i l l   be  s e n t   t o  
the  t r i m   motor   12  to  p r o d u c e   a  c o u n t e r  c l o c k w i s e  

r o t a t i o n   of  the   t r i m   arm  42,  such  as  to  t h e  

p o s i t i o n   i l l u s t r a t e d   in  FIGURE  3.  This   c a u s e s   the  l o w e r  

p o r t i o n   of  the  i n p u t   m ix ing   arm  34  to  be  d i s p l a c e d  
to  the  l e f t   as  shown  in  FIGURE  3  and  changes   t h e  

a n g u l a r   p o s i t i o n   of  the  a x i s   o f . t h e   e l o n g a t e d   s l o t  

33.  As  a  r e s u l t ,   the   r e l a t i v e   p o s i t i o n s   of  heads   32 

and  48  must   s h i f t   as  they   are   p h y s i c a l l y   c o n s t r a i n e d  

to  r e m a i n   in  a l i g n m e n t   a long   the   a x i s   of  the   e l o n g a t e d  
s l o t   mix ing   arm  3 4 .  

B e c a u s e  o f   the   p h y s i c a l   c o n s t r u c t i o n   of  the   f u e l  

c o n t r o l   s y s t e m ,   and  the  t r i m   mixer   10,  the  t h r o t t l e  

dowel  26  and  i t s   head  32  a re   he ld   in  p o s i t i o n   much 

more  f i r m l y   t han   are   the  dowel  46  and  head  48  of  t h e  

o u t p u t   arm  44.  Thus,   the   o u t p u t   head  48  w i l l   b e  



d i s p l a c e d   to  the  r i g h t   as  seen  in  the  f i g u r e   by  a  
p r e d e t e r m i n e d   amount  "b"  c o r r e s p o n d i n g   to  t he   a c t i o n   o f  

the  t r i m   motor   12,  and  the  d i s p l a c e m e n t   of  t h e  

t r i m m i n g   head  38  by  an  amount  "a"  wh i l e   the  t h r o t t l e  
head  32,  and  c o r r e s p o n d i n g l y   the  t h r o t t l e   i n p u t   a rm 

14  and  c o c k p i t   power  l e v e l   1 7 ,  w i l l   r ema in   u n m o v e d .  

The  r e s u l t i n g   d i s p l a c e m e n t   b e t w e e n   the   t h r o t t l e   i n p u t  
arm  14  and  o u t p u t   arm  44  c a u s e s   the   r a t e   of  f u e l   f l o w  
to  be  i n c r e a s e d   by  the  d e s i r e d   amount .   I t   w i l l   b e  

r e a d i l y   a p p a r e n t   t h a t   r o t a t i o n   of  the   t r i m   motor   .12 
in  the   o p p o s i t e   d i r e c t i o n   w i l l   p r o d u c e   a  r e s u l t a n t  
d e c r e a s e   in  t h e  r a t e   of  f u e l   f low  w i t h o u t   any  m o t i o n  
of  the   power  l e v e r s   1 7 .  

As  the  i n p u t   arm  14  moves  away  from  the  p o s i t i o n  
shown  in  FIGURES  1-3  i n t e r a c t i o n   of  the   cam  30  and  cam 
f o l l o w e r   28  w i l l   move  the   a x i s   of  dowels   26  a n d  

46  c l o s e r   t o g e t h e r .   This   w i l l   b r i n g   the  axes  o f  

heads   32  and  .48  c l o s e r   t o g e t h e r   and  r e s u l t   in  t h e  

amount  of  change  in  p o s i t i o n   of  t he   o u t p u t   l e v e r   44 

c o r r e s p o n d i n g   to  a c t i o n   of  the   t r i m   motor   12  b e i n g  
r e d u c e d .   Thus,   by  p r o v i d i n g   a  s u i t a b l e   shape   fo r   t h e  

cam  s u r f a c e   29,  the   t r i m   a u t h o r i t y   l i m i t s   can  b e  

p r e c i s e l y   d e f i n e d .  

While  many  cam  s h a p e s   and  c o r r e s p o n d i n g   t r i m  

a u t h o r i t y   e n v e l o p e s   are   p o s s i b l e ,   FIGURE  12  i l l u s t r a t e s  

a  t y p i c a l   cu rve   w h e r e i n   p o s i t i o n   of  the   t h r o t t l e  

i n p u t   arm  14 is   p l o t t e d   a long   the   h o r i z o n t a l   a x i s   a n d  

p o s i t i o n   of  the   o u t p u t   arm  44  is  p l o t t e d   a long   t h e  

v e r t i c a l   a x i s .   A  l i n e   .82  i l l u s t r a t e s   the   c o - o r d i n a t e d  

m o t i o n   of  i n p u t   and  o u t p u t   arms  w i t h o u t   any  t r i m m i n g  



t h e r e o f .   Curves   83  and  84  i l l u s t r a t e   the   a u t h o r i t y  
l i m i t s   of  t r i m   o p e r a t i o n   p e r m i t t e d   by  the   v a r i a b l e  

a u t h o r i t y   t r i m   mixer   10  as  programmed  t h r o u g h   c o n t r o l  

of  the   shape   of  the   cam  s u r f a c e   29.  The  lower   p o r t i o n s  
of  cam  s u r f a c e   29  where  the  heads   32  and  48  a r e  
c a u s e d   to  be  more  w i d e l y   s p a c e d ,   p e r m i t   g r e a t e r  
e x c u r s i o n s   from  l i n e   82  wh i l e   the  h i g h e r   p o r t i o n s ,   w h e r e  
heads   .32  and  .48  a re   caused   to  be  c l o s e s t .   p e r m i t  
r e d u c e d   e x c u r s i o n s   from  l i n e   . 82 .  

I t   is  a l s o   d e s i r a b l e   to  t e r m i n a t e   the  a b i l i t y   o f  

t r i m   motor   12  to  a f f e c t   the  p o s i t i o n   of  o u t p u t   d o w e l  
46  and  the   o u t p u t   arm  44  when  the  t h r o t t l e   i n p u t   a rm 
14,  is  in  s e l e c t e d   c r i t i c a l   p o r t i o n s   of  i t s   s t r o k e ,   s u c h  

as  o u t s i d e   the   p o i n t s   .85  and  .86  on  l i n e   82  o f  
FIGURE  12.  This   is   a c c o m p l i s h e d   by  d e s i g n i n g   cam 

30  so  t h a t   i t   w i l l   a l i g n   the  a x i s   of  t h r o t t l e   d o w e l  
.26  and  head  32  wi th   t h o s e   of  o u t p u t   dowel  46  and  h e a d  

d u r i n g   the  c r i t i c a l   p o r t i o n s   of  the  s t r o k e .  

This   s i t u a t i o n   is  d e p i c t e d   in  FIGURES  4  and  5,  w h i c h  

i l l u s t r a t e s   the   t h r o t t l e   i n p u t   arm  14  and  c o r r e s p o n d i n g l y  
the  o u t p u t   arm  44  as  h a v i n g   been  r o t a t e d   to  nea r   t h e  

ex t r eme   upper   end  of  i t s   s t r o k e .  

FIGURE  4,  the   t r i m   arm  42  is  shown  in  a  
v e r t i c a l   o r i e n t a t i o n   which ,   as  d i s c u s s e d   w i t h  

r e s p e c t   to  FIGURES  2  and  3,  is  the  c e n t e r e d   p o s i t i o n  
which  does  not   p r o d u c e   any  change   in  r e l a t i v e   p o s i t i o n  
of  the   o u t p u t   arm  4 4 , a n d   t h r o t t l e   i n p u t   arm  -14. 

are   a l i g n e d .  
In  FIGURE  5,  the   t r i m   motor   .12  has  c a u s e d   t h e  

t r i m   arm  42  to  r o t a t e   in  the  same  manner   as  shown  i n  

FIGURE  3,  and  d i s p l a c e   the   t r i m   head  38  a  d i s t a n c e   " c "  



from  i t s   c e n t r e   l i n e .  T h i s   m o t i o n   demands  an  i n c r e a s e  
in  the  r a t e   of  f u e l   f low  beyond  t h a t   r e q u e s t e d   by  t h e  

p o s i t i o n   of  the   t h r o t t l e   l e v e r s   17.  While   t h e  

mixer   arm  34  does  r o t a t e ,   as  in  FIGURE  3,  a r o u n d  
the   s t a t i o n a r y   t h r o t t l e   head  .32  of  dowel  26,  t h i s   d o e s  
not  cause   any  change   in  p o s i t i o n   of  the   o u t p u t   arm  44  o r  
dowel  46  b e c a u s e   of  the  a x i a l   a l i g n m e n t   of  the   d o w e l s  

46  and  26.  Thus,  r e g a r d l e s s   of  the   amount  o f  

t r i m m i n g   c a l l e d   for   by  a c t i o n   of  the   t r i m   motor   .12,  a n d  
the   c o r r e s p o n d i n g   d i s p l a c e m e n t   of  the   t r i m m i n g   head  3 8 ,  

by  an  amount  "c"  from  i t s  c e n t e r e d   p o s i t i o n ,   the  o u t p u t  
arm  44  w i l l   r ema in   a l i g n e d   w i t h   the   t h r o t t l e   i n p u t   a r m  

14  so  t h a t   f u e l   is  fed  to  the   e n g i n e s   p r e c i s e l y   a s  
demanded  by  the   f l i g h t   crew  at  c r i t i c a l   p o r t i o n s   of  t h e  

power  l e v e r   s t r o k e   at  which  the   cam  30  i s   p r o g r a m m e d  
to  cause   a x i a l   a l i g n m e n t   of  dowels   26  and  46.  T h i s  
is  g r a p h i c a l l y   i l l u s t r a t e d   in  FIGURES  4  and  5,  by  t h e  

f a c t   t h a t   o u t p u t   head  48  r e m a i n s   at   a  f i x e d   d i s t a n c e  

"d"  from  i t s   m i d s t r o k e   p o s i t i o n   w i th   and  w i t h o u t   t r i m m i n g .  

R e f e r r i n g   now  to  FIGURE  6,  an  a l t e r n a t i v e  
e m b o d i  m e n t   of  the   v a r i a b l e   a u t h o r i t y   t r i m   mixer   of  t h e  

p r e s e n t   i n v e n t i o n   is  shown,  g e n e r a l l y   d e s i g n a t e d  

by  the  r e f e r e n c e   n u m e r a l   50.  A  t h r o t t l e   i n p u t   arm  52 

r e c e i v e s   an  i n p u t   f r o m - l i n k a g e   member  .51 which  i s  

c o n n e c t e d   a t  o n e   end  to  one  of  the   t h r o t t l e   l e v e r s   17  o f  

the  a i r c r a f t   13  in  a  manner   p r e v i o u s l y   d e s c r i b e d ,  s o   a s  
to  r o t a t e   a  s h a f t   53  which   is   a f f i x e d   to  t h e  o t h e r  

end  of  t h r o t t l e   i n p u t   arm  52  abou t   an  a x i s   ZZ  which  i s  

f i x e d   w i th   r e f e r e n c e   to  g r o u n d .   As  the  d r a w i n g s  
i l l u s t r a t e   the   top  of  s h a f t   53  is   s u i t a b l y   c o n s t r u c t e d  



to  r e c e i v e   and  hold   a  s h a f t   54  fo r   r o t a t i o n   abou t   a n  
a x i s   AA.  Axis  AA  forms  a  r i g h t   a n g l e   w i th   a x i s   ZZ. 

A  g e n e r a l l y   v e r t i c a l   b e v e l   gea r   .56  is  s u i t a b l y  

s e c u r e d   to  the  end  of  s h a f t   54  to  r o t a t e   t h e r e w i t h .  

One  end  of  a  t r i m   i n p u t   arm  .58  is  p r e f e r a b l y  

b o r e d ,   p l a c e d   on  s h a f t   .54  and  p i n n e d   t h e r e t o   so  as  to  b e  

l o c k e d   in  a  f i x e d   r e l a t i o n s h i p   w i th   r e s p e c t   t h e r e t o  

to  ho ld   s h a f t   54  a top   s h a f t   53.  A  p a i r   of  s p a c e d  
f o l l o w e r s   60  are   a f f i x e d   to  the   o p p o s i t e   end  o f  

the  s h a f t   58  and  a x i a l l y   e x t e n d   g e n e r a l l y   p a r a l l e l   t h e r e t o  

to  wipe  a c r o s s   a  cam  e l e m e n t   .62.  

The  cam  e l e m e n t   .62  is  a  rod  which  p r e f e r a b l y   h a s  

s t r a i g h t   end  p o r t i o n s   and  a  c e n t r a l   p o r t i o n   which  may 
be  bowed  e i t h e r   t o w a r d s   or  away  from  the  arm  5 8 ,  
and  is  a f f i x e d   for   r o t a t i o n   at   one  end  to  a  t r i m   m o t o r  

64  ( o p e r a t i o n   of  which  is  s i m i l a r   to  t h a t   of  t h e  

t r i m   motor   .12  of  the   p r e v i o u s   embodiment )   and  is  m o u n t e d  

on  s u i t a b l e   b e a r i n g s   65  at  i t s   o t h e r   end.  If  d e s i r e d  

a  f e e d b a c k   s e n s o r   (not   shown)  may  be  used  to  s e n s e  
the  p o s i t i o n   of  the   cam  for   c o n t r o l   p u r p o s e s .  

Cam  62  is  mounted   for   r o t a t i o n   abou t   an  a x i s   BB. 
Cam  62  both   a c t i v a t e s   the   t r i m   i n p u t   arm  58  and  by  
v i r t u e   of  i t s   shape   c o n t a i n s   the  a u t h o r i t y   l i m i t s   f o r  
t r i m   i n p u t   as  w i l l   be  more  f u l l y   d e s c r i b e d   h e r e i n  
b e l o w .  

A  second   b e v e l   gea r   66  is  p r o v i d e d   a top   a  h u b  

.67  and  bo th   a re   c o n c e n t r i c a l l y   a r r a n g e d   abou t   a x i s  

ZZ  o u t s i d e   s h a f t   53  to  be  r o t a t a b l e   t h e r e a b o u t .  

S u i t a b l e   b e a r i n g   members  are  a r r a n g e d   in  an  i n n e r   c a v i t y  
(not   shown)  of  hub  67  to  a l l o w   hub  .67  to  b e  



r o t a t e d   i n d e p e n d e n t l y   of  s h a f t   53.  Beve l   gea r   66 
is  in  c o n s t a n t   t o o t h e d   e n g a g e m e n t   w i t h   b e v e l   gea r   56 
and  s u i t a b l e   means  (not   shown)  a re   s u p p l i e d   to  m a i n t a i n  

t h a t   r e l a t i o n s h i p .  
An  o u t p u t   arm  70  is  s u i t a b l y   s e c u r e d   to  o r  

i n t e g r a l l y   formed  w i t h   hub  67  to  be  r o t a t a b l e   t h e r e w i t h .  
A f f i x e d   to  the  o p p o s i t e   end  of  o u t p u t   arm  70  is  a  
l i n k a g e   member  72  which  is  c o n n e c t e d   to  t he   f u e l  

m e t e r i n g   d e v i c e   49  (FIGURE  1 4 ) .  

In  o p e r a t i o n ,   m o t i o n   of  t he   e n g i n e   c o n t r o l   p o w e r  
l e v e r   17  is  c o n v e y e d   t h r o u g h   l i n k a g e   member  51  a n d  
t h r o t t l e   i n p u t   arm  52  to  s h a f t   .53  which  r o t a t e s  
a b o u t   a x i s   ZZ.  As  a  r e s u l t ,   cam  f o l l o w e r s   60  a l s o  

r o t a t e   a round   a x i s   ZZ  so  as  to  move  l a t e r a l l y   a l o n g  
cam  e l e m e n t   62  Assuming  cam  e l e m e n t   62  to  be  in  t h e  
c e n t e r e d   p o s i t i o n   shown  in  FIGURE  6  wi th   the   bowed  
c e n t r a l   p o r t i o n   e x t e n d i n g   d i r e c t l y   t oward   the   s h a f t  
158  a c t i o n   of  the   o u t p u t   arm  70  w i l l   not   be  a f f e c t e d  

by  t he   cam  e l e m e n t .   Bevel   g e a r   56  is  a l s o   c aused   t o  

move  a b o u t   a x i s   ZZ  w i t h o u t   r o t a t i n g   abou t   a x i s   AA. 

However,   b e c a u s e   i t   is  f i x e d   to  s h a f t   .54  which  i s  

in  t u r n   p i n n e d   to  t r i m   i n p u t   arm  58,  b e v e l   gea r   .56 

w i l l   nor  r o t a t e   abou t   i t s   a x i s   AA.  Beve l   gea r   56  r e m a i n s  

e n g a g e d   w i th   gea r   166  and  f o r c e s   gea r   .66  to  r o t a t e  

abou t   a x i s   ZZ  by  an  e q u a l   amount .   This  m o t i o n   r o t a t e s  

hub  67  such  t h a t   o u t p u t   arm  .70  moves  l i n k a g e   member  

72  to  a d j u s t   the   f u e l   m e t e r i n g   d e v i c e   49  (FIGURE  14) 

in  d i r e c t   r e s p o n s e   to  t h r o t t l e   l e v e r   17  p o s i t i o n .  

The  o p e r a t i o n   d e s c r i b e d   is  w i t h o u t   t r i m   a c t i o n  

and  r e s u l t s   in  m o t i o n   of  the   l i n k a g e   member  72  which  i s  



c o i n c i d e n t   w i t h   the  m o t i r i o n   of  l i n k a g e   member  5 1 .  
Thus,  the   d i s t a n c e   be tween   t h r o t t l e   i n p u t   arm  ..52  a n d  

o u t p u t   arm  70,  as  i n d i c a t e d   by  the  d i s t a n c e   ' e '   i n  
FIGURE  7,  r ema in   u n c h a n g e d .   A c t i o n   of  the   cam  motor   64 
in  r e s p o n s i v e   to  a  s u i t a b l e   c o n t r o l   sys t em  can  ac t   t o  
change  t h i s   d i s t a n c e   and  change  the   r a t e   of  f u e l   f l o w  

r e s u l t i n g   from  a  s e t   p o s i t i o n   of  the   e n g i n e   power  l e v e r s  
1 7 .  

The  t r i m m i n g   o p e r a t i o n   of  the   second   e m b o d i m e n t  

of  the   p r e s e n t   i n v e n t i o n   is  b e s t   u n d e r s t o o d   b y  
r e f e r e n c e   to  FIGURES  6-10.   R e f e r r i n g   s p e c i f i c a l l y   t o  
FIGURES  7  and  8.,  the  r e l a t i v e   p o s i t i o n   of  t h e  

i n d i v i d u a l   e l e m e n t s   of  the   second   embodiment   are  shown 
when  the  t h r o t t l e   l e v e r   .17  is  g e n e r a l l y   midway  t h r o u g h  
i t s   s t o k e .   The  t h r o t t l e   l e v e r   17  p o s i t i o n   s e t t i n g   h a s  

i m p a r t e d   t h r o u g h   l i n k a g e   member  51,  t h r o t t l e   i n p u t   a rm 
52,  and  s h a f t   53  a  s u f f i c i e n t   r o t a t i o n   of  s h a f t  
53  to  c ause   a x i s   AA  to  be  g e n e r a l l y   p a r a l l e l   w i th   a x i s  

BB.  When  t h i s   a l i g n m e n t   o c c u r s ,   f o l l o w e r s   60  which   a r e  
a f f i x e d   to  the  end  of  s h a f t   58,  are   g e n e r a l l y   i n t e r m e d i a t e  
the  ends  of  cam  e l e m e n t   6 2 .  

FIGURE  7  shows  the  cam  e l e m e n t   .62  in  i t s   g e n e r a l l y  
f l a t t e n e d   c e n t e r e d   p o s i t i o n .   FIGURE  8  shows  the  same 
e l e m e n t   62  as  r o t a t e d - f r o m   i t s   c e n t e r e d   p o s i t i o n   i n  

FIGURE  7  t h r o u g h   an  a n g l e   of  s u f f i c i e n t   d e g r e e   t o  

t h e r e b y   p i v o t   f o l l o w e r s   60,  s h a f t   58,  s h a f t   .54  a n d  

b e v e l   gea r   56  abou t   a x i s   AA.  This   r o t a t i o n   does  n o t  

a f f e c t   t he   p o s i t i o n   of  t he   t h r o t t l e   l e v e r s   .17,  s h a f t  

53,  t h r o t t l e   i n p u t  a r m   52  or  l i n k a g e   member  '51  b e c a u s e  

the   t h r o t t l e   i n p u t   arm  52  has  been  r e l a t i v e l y   l o c k e d  

t h r o u g h   p r o p e r   m a n i p u l a t i o n   of  l o c a t i n g   mechan i sm  a t   t h e  

t h r o t t l e   q u a d r a n t   15  and  the   h igh   amount  of  d r a g  

a s s o c i a t e d   w i t h   the  l i n k a g e   c o n n e c t i n g   t h r o t t l e   l e v e r s  



17,  w i th   the   t r i m   m i x e r s .   However,   t h i s   r o t a t i o n   of  t h e  

a f o r e m e n t i o n e d   e l e m e n t s   abou t   a x i s   AA,  and  m o r e  

s p e c i f i c a l l y   b e v e l   gea r   56,  c a u s e s   b e v e l   gea r   .66 ,   h u b  

67,  and  o u t p u t   arm  70  to  r o t a t e   abou t   a x i s   ZZ  t h e r e b y  

i m p a r t i n g   a  m o t i o n   to  l i n k a g e   member  72  which  i s  

c o n n e c t e d   to  the   f u e l   m e t e r i n g   d e v i c e   .49  (FIGURE  14)  t o  
demand  i n c r e a s e d   f u e l   f low  to  the  e n g i n e   w i t h o u t   m o v e m e n t  
of  t h r o t t l e   i n p u t   arm  52.  This   r e s u l t s   in  a  change  i n  

the   d i s t a n c e   be tween   the   t h r o t t l e   i n p u t   arm  52  a n d  

the  o u t p u t   arm  .70  to  t h a t   i n d i c a t e d   by  t h e  

d i s t a n c e   "f"  in  FIGURE  8  so  t h a t   the   r a t e   of  f u e l   f l o w  

to  the  e n g i n e   d i f f e r s   from  t h a t   commanded  by  power  l e v e r  

s e t t i n g   by  an  amount  c o r r e s p o n d i n g   to  the  d i f f e r e n c e  

be tween   d i s t a n c e s   "e"  and  " f " .   C l e a r l y ,   t h i s  

amount  of  t r i m   depends   on  the  amount  of  r o t a t i o n   of  t h e  

cam  e l e m e n t   62  c a u s e d   by  the  t r i m   motor   64.  W h e t h e r  

the  change   is  an  i n c r e a s e   or  a  d e c r e a s e   depends   on  t h e  

d i r e c t i o n   of  r o t a t i o n   of  the  cam  e l e m e n t   6 2 .  

While  many  c o n t o u r s   for   the   cam  e l e m e n t   62  a r e  

p o s s i b l e ,   i t   has  been  i l l u s t r a t e d   in  a  manner   which  w i l l  

a l s o   p r o v i d e   a  t r i m   a u t h o r i t y   e n v e l o p e   s i m i l a r   to  t h a t  

i l l u s t r a t e d   in  FIGURE  12.  As  a c t i o n   of  l i n k a g e   member  

51  r o t a t e s   s h a f t   53  and  moves  f o l l o w e r s   .60  from  t h e  

c e n t r a l   p o s i t i o n   a l o n g - c a m   e l e m e n t s   62,  the   amount  o f  

p o s s i b l e   d i s p l a c e m e n t   and  c o r r e s p o n d i n g   t r i m m i n g   a c t i o n  

are   r e d u c e d .  

FIGURES  9  and  10  i l l u s t r a t e   the   o p e r a t i o n   when  t h e  

p i l o t   has  p u l l e d   t h e ' t h r o t t l e . t o   nea r   i t s   l o w e r  

e x t r e m i t y   t h e r e b y   commanding  a  nea r   m i n i m a l   amount  o f  

f u e l   f low  to  the  e n g i n e .   This   is  a c c o m p l i s h e d   b y  



r o t a t i o n   of  i n p u t   arm  52  by  movement  of  l i n k a g e  
member  51  in  the   d i r e c t i o n   of  a r row  'C'  in  FIGURES 

9  and  10  to  cause   r o t a t i o n   of  s h a f t   .53  abou t   a x i s   ZZ.  As 

is  b e s t   seen  in  FIGURE 9,  t h i s   c a u s e s   a x i s   AA  to  move 
and  c a u s e s   f o l l o w e r s   50  to  wipe  a c r o s s   the   c e n t e r e d  

cam  .62  and  move  to  the  e x t r e m e   end  g e n e r a l l y   nea r   t h e  
t r i m   a c t u a t o r   motor   64.  This   movement  j u s t   d e s c r i b e d  

does  not   cause   r o t a t i o n   of  b e v e l   gea r   66  abou t   a x i s   AA 
b e c a u s e   of  the   a c t i o n   of  cam  f o l l o w e r s   60  w i t h   cam 

62. ,   which  s e r v e s   to  e s s e n t i a l l y   f r e e z e   b e v e l   gea r   56  w i t h  

r e s p e c t   to  a x i s   AA  t h e r e b y   moving  b e v e l   gea r   66  a b o u t  

a x i s   ZZ  in  the   d i r e c t i o n   of  a r row  'D ' .   As  shou ld   b e  

r e a d i l y   a p p a r e n t   t h i s   movement  abou t   a x i s   ZZ  c a u s e s  
hub  67,  o u t p u t   arm  70,  and  l i n k a g e   member  72  t o  
i m i t a t e   the   m o t i o n s   of  t h e i r   c o u t e r p a r t   i n p u t   m e m b e r s  
and  move  in  t he   d i r e c t i o n   of  a r row  E,  t h e r e b y   m a i n t a i n i n g  
the  d i s t a n c e   be tween   arms  52  and  7 0   a  c o n s t a n t   d i s t a n c e  

"g",   which  is  e q u a l   to  the   d i s t a n c e   "e"  in  FIGURE  7 ,  
a p a r t .   Thus,  the   f u e l   m e t e r i n g   d e v i c e   49  (FIGURE  14)  
is  s e t   to  a l l o w   only   a  minimum  amount  of  f u e l   to  f l o w  
to  the   e n g i n e .  

A  c o m p a r i s o n   of  FIGURES  9  and   10  q u i c k l y   i l l u s t r a t e s  
t h a t   r o t a t i o n   of  the  cam  62  t h r o u g h   a c t i o n   of  the  cam 
t r i m   a c t u a t o r   motor   64  has  no  e f f e c t   upon  the  r a t e  
of  f u e l   f low  b e c a u s e   the  f o l l o w e r s   are   a l i g n e d   w i th   t h e  

s t r a i g h t   p o r t i o n   of  the   cam  62  and  not   w i th   the  bowed  
c e n t r a l   p o r t i o n   as  in  FIGURES  7  and  8.  Thus,   r o t a t i o n  
of  cam  e l e m e n t   62  from  i t s   p o s i t i o n   in  FIGURE  9  to  i t s  

p o s i t i o n   in  FIGURE  10,  to  demand  more  f u e l ,   or  d o w n w a r d l y  
i n t o   a  m i r r o r   image  p o s i t i o n   to  demand  l e s s   f u e l ,   w i l l   h a v e  



no  e f f e c t   b e c a u s e   the   bowed  p o r t i o n   w i l l  n o t   move 
f o l l o w e r s   60  e i t h e r   u p w a r d l y   or  downward ly   to  r o t a t e  

i n p u t   arm  58  or  s h a f t   54.  This  t h e r e f o r e   l e a v e s   b e v e l  

g e a r s   .56  and  .66,  o u t p u t   arm  70 . ,   and  l i n k a g e   member  72 
u n d i s t u r b e d   and  the   f u e l   f low  r a t e   to  the  e n g i n e  
c o n t i n u e s   a t   p r e s e n t  r a t e   d e s p i t e   r o t a t i o n   of  the   cam 

6 2 .  

While  m o s t  o f   the  d i s c u s s i o n   p r e s e n t e d   w i t h  

r e s p e c t   to  the  second   embodiment   has  d e a l t   w i th   a  cam 
which  is  bowed  in  the   c e n t r e ,   i t   s h o u l d   be  a p p a r e n t   t o  
t h o s e   s k i l l e d   in  the  a r t   t h a t   any  p a t t e r n   or  b e h a v i o r  

which  is   d e s i r e d   may  be  a c h i e v e d   by  a l t e r a t i o n   of  the   cam 
or  p r o v i s i o n   of  a n o t h e r   cam  which  has  the  c a p a b i l i t y  
to  a c h i e v e   the   d e s i r e d   t r i m   c h a r a c t e r i s t i c s .   In  a  s i m i l a r  

v e i n ,   r o t a t i o n   of  the   cam  e l e m e n t   62  to  a  s t a r t i n g   o r  
c e n t e r e d   p o s i t i o n   which  is  180  d e g r e e s   d i s p l a c e d   f r o m  
t h a t   shown  in  the  d r a w i n g s   so  t h a t   the   cam  e l e m e n t   i s  
bowed  away  from  the   s h a f t   58  w i l l   a l l o w   for   a  g r e a t e r  
d e g r e e   of  cam  e l e m e n t   r o t a t i o n   w i th   which   to  a c t i v a t e  

t r i m   i n p u t   arm  58  and  t h e r e b y   p e r m i t   more  p r e c i s e  
f i n e   t u n i n g   or  t r i m   a c t u a t i o n .  

R e f e r r i n g   now  to  FIGURE  11,  a  t h i r d   embodiment   i n  

the   form  of  a  v a r i a b l e   a u t h o r i t y   t r i m   mixer   73  is  shown 

which  d i f f e r s   from  t h e .  s e c o n d   embodiment   in  only   m i n o r  

ways.   For  ea se   of  u n d e r s t a n d i n g ,   e l e m e n t s   of  t h i s  

embodiment   i d e n t i c a l   to  emements  for   the  e m b o d i m e n t  

of  FIGURE  6  have  b e e n  g i v e n   the   same  r e f e r e n c e   n u m e r a l s .  

As  in  FIGURE  6,  t h r o t t l e   i n p u t   t h r o u g h   l i n k a g e  

member  51  is  t r a n s l a t e d   t h r o u g h ,   i n t e r a c t i o n   of  b e v e l  

g e a r s   56  and  66  to  p r o d u c e   a  c o r r e s p o n d i n g   m o t i o n   o f  



l i n k a g e   member  72  and  cam  a c t i o n   r e s u l t i n g   i n  
r o t a t i o n   of  b e v e l   gea r   56  abou t   i t s   a x i s   p r o d u c e s  

t r i m m i n g   by  i n c r e a s i n g   or  d e c r e a s i n g   the  d i s t a n c e  

be tween   the  ends  of  t h r o t t l e   i n p u t   arm  52  and  o u t p u t  
arm  7 0 .  

The  p r i n c i p a l   d i s t i n c t i o n   l i e s   in  the   s t r u c t u r e  
of  a  cam  74  d r i v e n   by  t r i m   motor   64.  The  cam  . 7 4  

is  a  f emale   member  in  the  form  of  a  h o l l o w e d   c h a n n e l  
75  which  r e c e i v e s   a  s i n g l e   male  f o l l o w e r   e l e m e n t   76 

which  is  s e c u r e d   to  the   end  of  t r i m   i n p u t   arm  58 

to  i n t e r a c t   w i t h   cam  74  in  a  f a s h i o n   e q u i v a l e n t   t o  

second   embodiment   c o u n t e r p a r t s .   The  cam  74  i s  

c o n s t r u c t e d   of  two  p i e c e s .   A  bowed  c e n t r a l   p o r t i o n  
77  is  f i x e d   to  t r i m   motor   64  and  b e a r i n g   65,  t o  

r o t a t e   a b o u t   a x i s   BB  by  a  p a i r   of  s l e e v e s   78.  An  o u t e r  

p o r t i o n   79  is  f i x e d   and  nonmoving  w i th   r e s p e c t   t o  

g round   t o  c o r r e s p o n d   to  the  s t r a i g h t e n e d   ends  o f  

cam  62  in  the  second   embod imen t ,   and  i n c l u d e s   a  p a i r  
of  l o b e s   80  which  a x i a l l y   f l a n k   the   bowed  c e n t r a l   p o r t i o n  

77  of  the   cam  74.  The  c e n t e r e d   n o n a c t i v a t e d   p o s i t i o n  
for   the   bowed  r o t a t a b l e   c e n t r a l   p o r t i o n   .77,  i s  

o r i e n t e d   180  d e g r e e s   from  t h a t   of  the   i l l u s t r a t e d   f o r m  

of  s econd   e m b o d i m e n t .   The  c h a n n e l   75,  e x t e n d s   t h r o u g h  
both   l o b e s   80  and  t h e - c e n t r a l   bowed  p o r t i o n   7 7 .  

When  the  t r im   mixer   73  is  r o t a t e d   t h r o u g h  
t h r o t t l e   q u a d r a n t   i n p u t   so  t h a t   the   male  f o l l o w e r   .76  i s  

in  the  p o r t i o n   of  the   c h a n n e l   75  which  is  l o c a t e d  

in  e i t h e r   of  the   l obes   80,  a c t i v a t i o n   of  the   t r i m   m o t o r  

64  w i l l   not   r o t a t e   t r i m   i n p u t   arm  58  and  t h e r e f o r e  

not  d i s t u r b   the   f low  of  f u e l   to  the  e n g i n e .   H o w e v e r ,  



when  the   male  f o l l o w e r   76  is  in  the   p o r t i o n   of  t h e  
c h a n n e l   75,  in  the  c e n t r a l   r o t a t a b l e   bowed  member  .77 
of  cam  74,  r o t a t i o n   t h e r e o f   t h r o u g h   a c t i v a t i o n   of  t h e  

t r i m   motor   64  w i l l   c ause   movement  of  the   t r i m   i n p u t   a r m  
158  to  i n f l u e n c e   the  f low  of  f u e l   to  the  e n g i n e   w i t h o u t  
movement  of  the   t h r o t t l e   l e v e r s   1 7 .  

The  v a r i a b l e   a u t h o r i t y   t r i m   m i x e r s   10,  .50,  73  o f  
the  p r e s e n t   i n v e n t i o n   t h e r e f o r e   p r o v i d e   a  d e v i c e  
which  can  mix  a  p r i m a r y   t h r o t t l e   l e v e r   .17  i n p u t   w i t h   a  
t r i m m i n g   i n p u t   and  p e r m i t   a  cam  i n p u t   to  l i m i t   t he   e f f e c t  
of  the   t r i m m i n g   i n p u t   in  a  programmed  manner   such  t h a t  

a  s i n g l e   o u t p u t   is  t r a n s m i t t e d   to  the   f u e l   m e t e r i n g   d e v i c e  
49  (FIGURE  14)  of  the   e n g i n e .   The  c o n s t r u c t i o n s  

d e s c r i b e d   a l l o w   the   m i x e r s   of  the   p r e s e n t   i n v e n t i o n   t o  

t h r o u g h p u t   t h r o t t l e   l e v e r   17  f u e l   commands  t o  
the  e n g i n e   even  in  the   even t   of  t r i m   a c t u a t o r   f a i l u r e  

t h r o u g h   a  d i r e c t   m e c h a n i c a l   l i n k   from  the   t h r o t t l e   l e v e r  
.17  t h r o u g h   the  m i x e r .   I t   s hou ld   a l s o   be  a p p a r e n t  

to  t h o s e   s k i l l e d   in  the   a r t   t h a t   the   i n p u t   a n d  

o u t p u t   e l e m e n t s   of  the   v a r i a b l e   a u t h o r i t y   t r i m   m i x e r s  

10,  50  and  73  may  be  p r e l o a d e d   w i th   s p r i n g s   or  o t h e r  

means  to  p r e v e n t   b a c k l a s h .  

FIGURE  .15  shows  d i a g r a m m a t i c a l l y   an  e n c l o s e d  

d i f f e r e n t i a l   t h r o t t l e   l i n k a g e   c o n t r o l   110  a c c o r d i n g   t o  
the  p r e s e n t   i n v e n t i o n ,   in  use  w i th   a  f u e l   f low  c o n t r o l  

sys tem  111  of  the   type   t y p i c a l l y   used   in  a i r c r a f t .  
For  p u r p o s e s   of  the   p r e s e n t   i l l u s t r a t i o n ,   the   00  p o s i t i o n  
of  the  t h r o t t l e   l e v e r   112  c o r r e s p o n d s   to  e n g i n e   i d l e ;  
3 0 °  ,   to  m i d s t r o k e   for   f o r w a r d   t h r u s t ;   60°  to  f u l l   s t r o k e  

or  f u l l   f o r w a r d   t h r u s t ;   and  - 3 0 ° ,   (  o r   330°)  to  m i d s t r o k e  



for   r e v e r s e   t h r u s t .  
The  d e s i r e d   f u e l   f low  r a t e   command  is  d e t e r m i n e d  

by  the  p o s i t i o n   of  the   t h r o t t l e   l e v e r   112,  a n d  

t r a n s m i t t e d   to  the   t h r o t t l e   l i n k a g e   c o n t r o l   110  t h r o u g h  
c a b l e   113,  i d l e r s   114  and  i n p u t   c a b l e   q u a d r a n t   1 1 5 .  

I n p u t   c a b l e   q u a d r a n t   115  is  r o t a t a b l e   abou t   ax i s   X-X  a n d  
i t s   p o s i t i o n   r e l a t i v e   to  i t s   e x t r e m e   l i m i t s   of  m o t i o n ,  
c o r r e s p o n d   to  the  r e l a t i v e   p o s i t i o n   of  the   t h r o t t l e  
l e v e r   112  to  i t s   e x t r e m e   l i m i t s   of  m o t i o n .  

T h r o t t l e   l i n k a g e   c o n t r o l   110,  a l s o   r e c e i v e s   a n  
e l e c t r i c a l   t r i m m i n g   i n p u t   command  from  an  " E n g i n e  

Management   System"  123  t h r o u g h   l i n e   116.  The  e l e c t r i c a l  

t r i m m i n g   i n p u t   d r i v e s   an  e l e c t r i c   motor   (not   shown  in  t h e  

d r a w i n g s )   to  va ry   the   f u e l   f low  r a t e   command  of  t h e  
t h r o t t l e   l e v e r   112,  w i t h o u t   movement  t h e r e o f .   The  t h r o t t l e  

l i n k a g e   c o n t r o l   110,  a l g e b r a i c a l l y   sums  the  two  i n p u t  
commands  i n t o   a  s i n g l e   o u t p u t   command.  The  p o s i t i o n  
of  the   e l e c t r i c   m o t o r ,   r e l a t i v e   to  i t s   e x t r e m e   l i m i t s  
of  m o t i o n ,   is  r ead   by  a  p o s i t i o n   s e n s o r   (  not   shown 
in  the  d r a w i n g s )   and  t r a n s m i t t e d   to  the  " E n g i n e  

Management  System"  123  v i a   a  f e e d b a c k   l i n e   1 1 7 .  
The  s i n g l e   o u t p u t   command,  as  w i l l   be  more  f u l l y  

d i s c u s s e d   h e r e i n   be low,   d r i v e s   o u t p u t   c a b l e   q u a d r a n t  
118  to  r o t a t e   abou t   a x i s   X-X.  The  o u t p u t   command  i s  

t r a n s m i t t e d   to  the  f u e l   m e t e r i n g   d e v i c e   124  of  t h e  

e n g i n e   125  by  c a b l e   119,  i d l e r s   120,  o u t p u t   c a b l e   q u a d r a n t  
121  and  l e v e r   a s s e m b l y   122  in  a  manner  we l l   known  i n  

the   a r t .  

R e f e r r i n g   now  to  FIGURES  16-30 ,   the   u n h o u s e d  

p l a n e t a r y   gea r   a s s e m b l y   of  the   t h r o t t l e   l i n k a g e  



c o n t r o l   110  of  the  p r e s e n t   i n v e n t i o n   is  shown  in  d e t a i l  
and  as  mounted   upon  base   member  130.  Base  member  1 3 0 ,  
in  use ,   is  g r o u n d e d   to  the   a i r   f r ame .   G r a d u a t e d   i n p u t  
and  o u t p u t   d i a l s   131  and  132  r e s p e c t i v e l y ,   are   shown 

in  the  d r a w i n g s   to  i l l u s t r a t e   o p e r a t i o n   bu t   a re   n o t  

n e c e s s a r y   fo r   o p e r a t i o n   of  the   a c t u a l   e m b o d i m e n t .  
The  t h r o t t l e   l i n k a g e   c o n t r o l   110  is  shown  to  i n c l u d e  

t h r o t t l e   i n p u t   a x l e   133  mounted   fo r   r o t a t i o n   w i t h  

i n p u t   c a b l e   q u a d r a n t   115  and  s u s p e n d e d   for   r o t a t i o n   a b o u t  
a x i s   X-X  by  s u p p o r t s   134  and  135  and  b e a r i n g s   ( n o t  
shown  in  the   d r a w i n g s ) .   I n p u t   spur   gea r   136  i s  

r i g i d l y   a t t a c h e d   to  or  i n t e g r a l   w i t h ,   i n p u t   ax l e   133 
for   r o t a t i o n   t h e r e w i t h   in  r e s p o n s e   to  movement  o f  
t h r o t t l e   l e v e r   1 1 2 .  

I n p u t   spur   gea r   136  is  in  c o n s t a n t   t o o t h e d  

e n g a g e m e n t   w i t h   i n p u t   spur   p i n i o n   137  which   is   r i g i d l y  
a f f i x e d   to ,   or  i n t e g r a l   w i t h ,   a  p o r t i o n   of  a  c e n t r a l  

r o t a t i n g   a s s e m b l y   ax l e   138  fo r   r o t a t i o n   abou t   a x i s   Y-Y. 
A  p l a n e t   c a r r i e r   139  is  a l s o   r i g i d l y   a f f i x e d   to  ax l e   138 

for   r o t a t i o n   abou t   a x i s   Y-Y.  Axle  138  is  s u p p o r t e d  
fo r   r o t a t i o n   by  s u p p o r t s   140  and  141  and  b e a r i n g s  
(not  shown  in  the  d r a w i n g s ) .   Weight   142  is  a f f i x e d  

to  p l a n e t   c a r r i e r   139  by  a  s u i t a b l e   means  for   b a l a n c e  

p u r p o s e s .  
A  one  p i e c e   r o t a t a b l e   m i x e r   a s s e m b l y   146  w h i c h  

i n c l u d e s   b e v e l e d   sun  gea r   147  and  o u t p u t   spur   p i n i o n   1 4 8 ,  
is  s u p p o r t e d   for   i n d e p e n d e n t   r o t a t i o n   abou t   a x i s   Y-Y 

and  a x l e   138  by  s u i t a b l e   b e a r i n g s   (  not   shown  in  t h e  

d r a w i n g s ) ,   and  s u p p o r t   member  149.  O u t p u t   spur   p i n i o n  
148  is  in  c o n s t a n t   t o o t h e d   e n g a g e m e n t . w i t h   o u t p u t   s p u r  

gea r   1 5 0 .  



O u t p u t   s p u r  g e a r   150  is  r i g i d l y   a f f i x e d   to ,   o r  
i n t e g r a l   w i t h ,   o u t p u t   a x l e   151  for   r o t a t i o n   t h e r e w i t h  

abou t   a x i s   X-X  a l t h o u g h ,   i t   s h o u l d   be  r e a d i l y   a p p a r e n t   t o  

t h o s e   s k i l l e d   in  the  a r t   t h a t   the  a x i s   of  o u t p u t   a x l e   151  

need  not   be  c o i n c i d e n t   w i th   a x i s  X - X .   Outpu t   a x l e   151  i s  
s u i t a b l e   s u p p o r t e d   fo r   r o t a t i o n   by  b e a r i n g s   (  not   s h o w n  .  
in  the  d r a w i n g s ) . a n d   s u p p o r t s   152  and  153.  O u t p u t  
c a b l e   q u a d r a n t   118,  is  r i g i d l y   a f f i x e d   to  the  end  o f  

o u t p u t   a x l e   151  and  t h e r e b y   t r a n s m i t s   the  o u t p u t   command  o f  
the   t h r o t t l e   l i n k a g e   c o n t r o l   110,  to  the  e n g i n e   125 

as  i l l u s t r a t e d   in  FIGURE  1 5 .  

B e v e l e d   sun  gea r   147,  is  in  c o n s t a n t   t o o t h e d  

engagemen t   w i th   p l a n e t   gea r   154.  P l a n e t   gea r   154  i s  
r e v o l v e d   a b o u t   a x i s   Y-Y  by  r o t a t i o n   of  i n p u t   spur   p i n i o n  
137  t h r o u g h   movement  of  t h r o t t l e   l e v e r   112,  as  m o r e  

f u l l y   d e s c r i b e d   h e r e i n   below  wi th   r e f e r e n c e   to  FIGURES 

17-27 ,   and  28-30 .   The  r e v o l u t i o n   of  p l a n e t   gea r   154 
abou t   a x i s   Y-Y  t r a n s l a t e s   i n t o   r o t a t i o n a l   movement  o f  

sun  gear  147,   o u t p u t   spur   p i n i o n   and  gea r   148  and  1 5 0 ,  
and  t hus   a f f e c t s   the  f u e l   f low  r a t e   to  the  e n g i n e   a s  
p r e v i o u s l y   d e s c r i b e d .  

The  t h r o t t l e   l i n k a g e   c o n t r o l   110,  a l s o   i n c l u d e s   a  

cam  a s s e m b l y ,   157.  A  f i x e d   cam  p o r t i o n   158  i s  

a f f i x e d   to  the  base   130.  A  movable   cam  p o r t i o n   159 

i n c l u d e s   p r o t u b e r a n c e s   or  t r u n n i o n s   160  and  161 

i n t e g r a l   t h e r e w i t h   which  are   j o u r n a l e d   fo r   r o t a t i o n  

in  s u p p o r t s   162  and  163  to  a l l o w   r o t a t i o n   of  m o v a b l e  

cam  p o r t i o n   159  abou t   a x i s   T-T.  S u p p o r t   162  i n c l u d e s  

s top   member  164  a top   t h e r e o f   which  i n t e r s e c t s   t h e  

p a t h   of  movable   cam  p o r t i o n   159  and  t h e r e b y   l i m i t s   t h e  



movement  t h e r e o f   abou t   a x i s   T-T  to  a p p r o x i m a t e l y   1 0 °  

to  140  of  up  or  down  t r i m   r o t a t i o n   from  i t s   c e n t e r e d  

u p r i g h t   or ,   n e u t r a l ,   p o s i t i o n .   I t   s h o u l d   h o w e v e r ,  
be  n o t e d   t h a t   the   amount  of  t r i m   may,  w i t h i n   p r a c t i c a l  
l i m i t s ,   be  e x t e n d e d   beyond  t h e s e   p a r a m e t e r s .  

Movable ,   cam  p o r t i o n   159  is  r o t a t e d   abou t   ax i s   T - T  
by  the   i n t e r a c t i o n   of  a  worm  165  w i t h   gea r   166  which  i s  

r i g i d l y   s e c u r e d   to  the   end  of  p r o t u b e r a n c e   161  w h i c h  
e x t e n d s   beyond  s u p p o r t   163.  The  s h a f t   167  of  worm  165 
is   d r i v e n   e i t h e r   c l o c k w i s e   or  c o u n t e r c l o c k w i s e   by  t h e  
e l e c t r i c   motor   (  not   shown  in  the   d r a w i n g s )   w h i c h  
r e c e i v e s   i n p u t s '   t h r o u g h   l i n e s   116  (FIGURE  1.15)   f r o m  
the  "Eng ine   Management   Sys tem"  123.  The  bo t tom  of  worm 
s h a f t   165  is  s u i t a b l y   s e c u r e d   to  base  130  f o r  

r o t a t i o n .  

FIGURES  16-26  a l s o   show  a  p a i r   of  cam  f o l l o w e r s   168 
mounted   upon  g imba l   b l o c k   169,  t he   o p e r a t i o n   a n d  

i n t e r - r e l a t i o n s h i p   of  which  i s   b e s t   u n d e r s t o o d   by  r e f e r e n c e  

to  FIGURES  2 8 - 3 0 .   As  shown  in  FIGURE  28,  the   t h r o t t l e  

l i n k a g e   c o n t r o l   110  i n c l u d e s   a  cam  f o l l o w e r   y o k e  
a s s e m b l y   170,  which  is  r o t a t a b l e   abou t   a x i s   R-R.  Cam 
f o l l o w e r   yoke  a s s e m b l y   170  is   mounted   for   s a i d   r o t a t i o n  

upon  p l a n e t   c a r r i e r   139,  so  as  to  be  r e v o l v a b l e   a b o u t   a x i s  

Y-Y  in  r e s p o n s e   to  t h r o t t l e l e v e r   112  i n p u t s .   P l a n e t  

gea r   154,  is  r i g i d l y   s e c u r e d ,   to ,   or  formed  i n t e g r a l   w i t h ,  

cam  f o l l o w e r   yoke  a s s e m b l y   170  to  be  r e v o l v a b l e   a b o u t  

a x i s   Y-Y  in  r e s p o n s e   to  t h r o t t l e   l e v e r   112  i n p u t s   a t  

a l l   t i m e s ,   and  r o t a t a b l e   a b o u t   a x i s   R-R  in  r e s p o n s e   t o  

t r i m   i n p u t s ,   when  cam  f o l l o w e r s   168  a re   in  c o n t a c t   w i t h  

movab le   cam  p o r t i o n   159.  Cam  f o l l o w e r s   168  a re   s e c u r e d  

to  g imba l   b l o c k   169  which  is  r o t a t a b l e   a b o u t   a x i s   G-G 



to  a l l o w   cam  f o l l o w e r s   168  to  c r o s s   f r o m  m o v a b l e   t o  
f i x e d   cam  p o r t i o n s   159  and  158  r e s p e c t i v e l y ,   (  and  v i c e  

v e r s a ) ,   w i t h o u t   b i n d i n g .   Axis  G-G  forms  a  r i g h t   a n g l e  
wi th   a x i s   R-R .  

R e f e r r i n g   now  to  FIGURES  29  and  30,  m o v a b l e  

cam  p o r t i o n   159  is   shown  to  i n c l u d e   cam  f o l l o w e r   r a c e s  
171  in  which  the  cam  f o l l o w e r s   168  r i d e .   F ixed   cam  p o r t i o n  
158  is  s imi la r ly   p r o v i d e d   wi th   cam  f o l l o w e r   r a c e   1 7 2 .  

When  cam  f o l l o w e r s   168  a re   in  c o n t a c t   w i t h  

movable   cam  p o r t i o n   159,  as  shown  in  FIGURE  30,  a n d  
movable   cam  p o r t i o n   159  is  r o t a t e d   a b o u t   a x i s   T-T  by  a n  
amount  γ ,   cam  f o l l o w e r s   168,  g imba l   b lock   169,  cam 
f o l l o w e r   yoke  a s s e m b l y ,   170,  and  p l a n e t   gea r   154,  r o t a t e  
abou t   a x i s   R-R  by  an  a m o u n t  β   d e t e r m i n e d   by  the  r e l a t i o n s h i p  
be tween   a x i s   T-T  and  G-G  wi th   maximum f j   m o v e m e n t  

a c h i e v e d   when  s a id   axes   are   p e r p e n d i c u l a r .   T h i s  

movement  r e s u l t s   in  a  ga in   or  l o s s   in  the  t h r o t t l e   l e v e r  

commanded  f u e l   f low  r a t e   t h r o u g h   sun  gear   147  w i t h o u t  

movement  of  e i t h e r   the  t h r o t t l e   l e v e r   112  or  i n p u t   s p u r  
p i n i o n   1 3 7 .  

As  can  b e s t   be  seen  in  FIGURE  28,  movable   cam 

p o r t i o n   159  is  formed  to  i n c l u d e   d e p e n d i n g   s k i r t   p o r t i o n s  
176  and  177.  The  i n s i d e   d i s t a n c e   be tween   s k i r t   p o r t i o n s  
176,  and  177,  is  s l i g h t l y   l a r g e r   t han   the   o u t s i d e  

d i s t a n c e   b e t w e e n   the   ends  of  f i x e d   cam  p o r t i o n   158.  A 

p o r t i o n   of  p r o t u b e r a n c e s   160  and  161  e x t e n d   from  s k i r t  

p o r t i o n s   176  and  177,  r e s p e c t i v e l y   and  are  j o u r n a l l e d  
for   r o t a t i o n   by  s u p p o r t s   162  and  163  so  t h a t   a x i s   T-T  

d i v i d e s   the   space   be tween   f i x e d   and  movable   cam 

p o r t i o n s   158  and  159.  As  b e s t   seen  in  FIGURES  29  and  3 0 ,  



ax i s   T-T  is  a l i g n e d   nea r   the  l e a d i n g   edges   of  f i x e d   cam 
158,  and  f i x e d   cam  158  is   p r o v i d e d   w i th   b e v e l e d   e d g e  
178  to  a l l o w   f o r  g e n e r a l l y   i n t e r f e r e n c e   f r e e   l i m i t e d  

r o t a t i o n   of  movable   cam  p o r t i o n   159  abou t   a x i s  

T - T .  
The  o p e r a t i o n   of  the   t h r o t t l e   l i n k a g e   c o n t r o l   110 

is  b e s t   u n d e r s t o o d   by  g r o u p i n g   the   d r a w i n g s   a c c o r d i n g  
to  the  p o s i t i o n   of  the   t h r o t t l e   l e v e r   112.  Al l   i t e m s  

p r e v i o u s l y   d e s c r i b e d   h e r e i n   are   i d e n t i f i e d   by  the  same 
r e f e r e n c e   c h a r a c t e r s   t h r o u g h o u t .  

FIGURES  16  and  17  show  the  c o n t r o l   110  when  t h e  

t h r o t t l e   l e v e r  1 1 2   is  in  the   0°  or  e n g i n e   i d l e   p o s i t i o n  
and  t h e r e   are   no  t r i m   i n p u t s   i . e .   movable   cam  p o r t i o n  
159  is  in  the   c e n t e r e d   u p r i g h t   p o s i t i o n ,   w h i l e   FIGURE 

18  shows  the   same  t h r o t t l e   l e v e r   s e t t i n g   w i t h   t h e  

movable   cam  p o r t i o n .   159,  in  a  f u l l   downt r im   p o s i t i o n .  
As  can  b e s t   be  seen  in  FIGURE  17,  cam  f o l l o w e r s   1 6 8 ,  

are   not   in  c o n t a c t   w i t h   movable   cam  p o r t i o n   159,  so  t h a t  

r o t a t i o n   of  the   worm  165,  in  r e s p o n s e   to  up  or  down 

t r i m   commands,  which  move  the  movable   cam  159  from  t h e  

c e n t e r e d   p o s i t i o n   as  shown  in  FIGURE  16  to ,   fo r   e x a m p l e ,  
the  f u l l   down  t r i m   p o s i t i o n   as  shown  in  FIGURE  18,  d o e s  

not   a l t e r   the   o u t p u t   from  t h a t   commanded  from  t h e  

t h r o t t l e   l e v e r   112  p o s i t i o n .   This   can  be  v i s u a l l y  
v e r i f i e d   by  v i e w i n g   the   i n p u t   and  o u t p u t   d i a l s ,   31  a n d  

32,  in  FIGURES  16  and  18.  The  r e s u l t   would  be  i d e n t i c a l  

for   an  u p t r i m   command  i n d u c e d   o p p o s i t e   r o t a t i o n   o f  

movable   cam  1 5 9 .  

R o t a t i o n   of  the   t h r o t t l e   l e v e r   112,  from  t h e  

i d l e ,   0°,  p o s i t i o n   shown  in  FIGURE  16,  to  the   m i d s t r o k e  



300,  p o s i t i o n   shown  in  FIGURE  19  and  20  c a u s e s   a  
c o r r e s p o n d i n g   r o t a t i o n   of  i n p u t   ax l e   133,  i n p u t   s p u r  
gear   136,  i n p u t   spur   p i n i o n  1 3 7 ,   p l a n e t   c a r r i e r   1 3 9 ,  
and  cam  f o l l o w e r s   168.  P l a n e t   gea r   154,  is  r e v o l v e d   a b o u t  
a x i s   Y - Y  t h e r e b y   r o t a t i n g   sun  gear   47,  o u t p u t   s p u r  
p i n i o n   and  g e a r ,   1 4 8  a n d   150  and  o u t p u t   a x l e   151,  t h e r e b y  
demanding   an  i n c r e a s e d   f u e l   f low  r a t e ,   as  can  b e  
v e r i f i e d   by  c o m p a r i n g   i n p u t   and  o u t p u t   d i a l s   131  a n d  
132  in  FIGURES  16  and  19.  As  b e s t   shown  in  FIGURE  2 0 ,  
t h i s   a l i g n s  c a m   f o l l o w e r s   168  w i th   the   h igh   p o i n t   o f  
movable   cam  p o r t i o n s   159  and  t hus   p e r p e n d i c u l a r l y  
o r i e n t s   axes  T-T  and  G-G.  When  the   cam  f o l l o w e r s  

168,  a re   t hus   a l i g n e d ,   t r i m   down  i n p u t s   from  the  " E n g i n e  

Management  System"  cause   c l o c k w i s e   r o t a t i o n   of  worm  1 6 5 ,  
and  r o t a t i o n   of  gea r   166  and  movable   cam  p o r t i o n   159 

abou t   a x i s   T-T  in  the  d i r e c t i o n   shown  by  a r row  'A'  i n  

FIGURE  21.  Thus,   cam  f o l l o w e r s   168  a re   r e v o l v e d  
a b o u t   a x i s   R-R  and  yoke  a s s e m b l y   170,  and  p l a n e t   g e a r  
154  are  r o t a t e d   a b o u t   a x i s   R-R  ( F i g u r e   28)  c a u s i n g  
r o t a t i o n   of  sun  gea r   147  o u t p u t   spur   p i n i o n   a n d  

gear   148,  and  150,  and  a x l e   151  to  a l t e r   the   f u e l   f l o w  

r a t e   command  of  the   t h r o t t l e   l e v e r   112  s e t t i n g   w i t h o u t  

movement  t h e r e o f   or  i t s   i n t e r c o n n e c t e d   d r i v e   t r a i n  

members  i . e .   i n p u t   gea r   and  p i n i o n ,   1 3 6 , a n d   137,  or  a x l e  

138.  As  FIGURE  21  c l e a r l y   i l l u s t r a t e s ,   the   t h r o t t l e  

l e v e r   is  s e t   a t   300,  i . e .   m i d s t r o k e   f o r w a r d   t h r u s t ,  
but   a f t e r   the   downt r im   i n p u t   r o t a t i o n   of  m o v a b l e  

cam  p o r t i o n   159,  as  d e s c r i b e d ,   the   o u t p u t   command  to  t h e  

e n g i n e   t h r o u g h   ax l e   151  is  for   20°  i . e .   one  t h i r d  

f u l l   f o r w a r d   t h r u s t .  



Up  t r i m   of  the  sys t em  110,  w i th   t h r o t t l e   l e v e r   112 
at  m i d s t r o k e   f o r w a r d   t h r u s t   is   d e p i c t e d   in  FIGURE  22 
and  is  a c c o m p l i s h e d   t h r o u g h   c o u n t e r c l o c k w i s e   r o t a t i o n  
of  worm  165.  Gear  166  is  r o t a t e d   in  t he   d i r e c t i o n  
of  a r row  'B'  and  movable   cam  p o r t i o n   159,  is  r o t a t e d  
abou t   a x i s   T-T.  Cam  f o l l o w e r s   168  are   r e v o l v e d   a b o u t  
ax i s   R-R  and  yoke  a s s e m b l y   170,  and  p l a n e t   gea r   154 

are   thus   r o t a t e d   a b o u t   a x i s   R-R  ( F i g u r e   28) .   T h r o u g h  
the  i n t e r a c t i o n   of  sun  gear   147  wi th   p l a n e t   gea r   154,  t h e  
f u e l   f low  r a t e   command  is  t hus   u p t r i m e d   w i t h o u t  

movement  of  the   t h r o t t l e  l e v e r   112.  Thus,   wh i l e   t h e  

i n p u t   d i a l   131  ' in   FIGURE  22  shows  a  30°,  h a l f s t r o k e  
f o r w a r d   t h r u s t   p o s i t i o n ,   o u t p u t   d i a l   132,  shows  a  f u e l  
f low  r a t e   command  to  the   e n g i n e   of  40°  i . e .   two  t h i r d s  
f o r w a r d   t h r u s t .  

I t   s h o u l d   be  a p p a r e n t   in  l i g h t   of  t he   a b o v e  
d i s c u s s i o n   and  r e f e r e n c e   to  FIGURE  28,  t h a t   when  t h e  
t h r o t t l e   l e v e r   is  in  the  m i d s t r o k e   f o r w a r d   t h r u s t  

p o s i t i o n ,   axes   G-G  and  T-T  are   p e r p e n d i c u l a r .   As 

p r e v i o u s l y   s t a t e d ,   i t   is   t h i s   c o n d i t i o n   which   a l l o w s  
maximum  t r i m   i n d u c e d   e x c u r s i o n   from  the  f u e l   f l o w  

r a t e   command  of  the  t h r o t t l e   l e v e r   112  s i n c e   cam 
f o l l o w e r s   168,  t hen   i n t e r s e c t   the   l a r g e s t   p o r t i o n  
of  the  a r c u a t e   p a t h   cu t   by  movable   cam  p o r t i o n   1 5 9 ,  
when  i t   moves  abou t   a x i s   T-T.  However,   some  d e g r e e  
of  e x c u r s i o n   is  p e r m i t t e d   wheneve r   the  cam  f o l l o w e r s  

are   in  c o n t a c t   w i th   the   movab le   cam  p o r t i o n   159,  a n d  

i t   is  not   u n t i l   a x i s   G-G  becomes  c o i n c i d e n t   to  a x i s  

T-T  or  cam  f o l l o w e r s   168  are  in  c o n t a c t   w i t h   f i x e d   cam 

p o r t i o n   158,  t h a t   t r i m   i n d u c e d   e x c u r s i o n   w i l l   not   o c c u r .  



The  f u l l   f o r w a r d   t h r u s t   c o n f i g u r a t i o n   of  t h r o t t l e  

l i n k a g e   c o n t r o l   110  is  d e p i c t e d   in  FIGURES  23,  24,  a n d  
25.  R o t a t i o n   of  t h r o t t l e   l e v e r   112  from  the   m i d s t r o k e  
s t r o k e   (FIGURE  19)  to  the  f u l l   f o r w a r d   t h r u s t   p o s i t i o n  
i . e .   600,  c a u s e s   r o t a t i o n   of  i n p u t   spur   gea r   and  p i n i o n  
136,  and  137,  ax l e   138,  c a r r i e r   a s s e m b l y   139,  yoke  a s s e m b l y  
170,  and  cam  f o l l o w e r   168. .   P l a n e t   gea r   154  is  r e v o l v e d  
abou t   a x i s   Y-Y  i n t o   the  p o s i t i o n   shown  and  the   cam 
f o l l o w e r s   168  move  a c r o s s   and  e v e n t u a l l y   o f f   of ,   t h e  
movable   cam  r a c e   171  to  the  f i x e d   cam  r a c e   172.  E n g a g e m e n t  
of  p l a n e t   gea r   154  w i th   sun  gea r   147  c a u s e s   a  
c o r r e s p o n d i n g   r o t a t i o n   t h e r e o f   and  t h r o u g h   o u t p u t   s p u r  

gear   and  p i n i o n ,   50  and  48  and  o u t p u t   a x l e   51,  d e m a n d s  

maximum  f u e l   and  f low  to  the  e n g i n e .  
With  the   cam  f o l l o w e r s ,   t hus   in  c o n t a c t   w i t h  

f i x e d   cam  p o r t i o n   158,  an  up  or  downt r im  command,  a s  
i l l u s t r a t e d   in  FIGURE  25  has  no  e f f e c t   upon  o u t p u t .   T h i s  

a g a i n   is   the  r e s u l t   of  the   f a c t   t h a t   w h i l e   m o v a b l e  

cam  p o r t i o n   159,  is  r o t a t a b l e   abou t   a x i s   T-T,  from  i t s  
c e n t e r e d   u p r i g h t   p o s i t i o n   ( F i g u r e   23  and  24) ,   s u c h  

r o t a t i o n   c a n n o t   a f f e c t   cam  f o l l o w e r s   68,  b e c a u s e   o f  
t h e i r   p o s i t i o n ,   and  thus   p l a n e t   gea r   154  does   n o t  

r o t a t e   abou t   a x i s   R-R  (FIGURE  28)  to  demand  a  f u e l  

f low  r a t e   which  d i f f e r s   from  t h a t   commanded  by  t h e  

t h r o t t l e   l e v e r   112,  p o s i t i o n .   Thus,   when  the  t h r o t t l e  

l e v e r   112  is  in  f u l l   f o r w a r d   t h r u s t ,   the   i n p u t   d i a l  

r e a d s   60°  and  d e s p i t e   t r i m   i n p u t   i n d u c e d   r o t a t i o n   o f  

movable   cam  159,  abou t   a x i s  T - T   (FIGURE  25) ,   o u t p u t  

d i a l   132  a l s o   r e a d s   60°  or  f u l l   f o r w a r d   t h r u s t .  

R e f e r r i n g   now  to  FIGURES  26  and  27,  and  c o m p a r i n g  



to  FIGURES  16  and  17,  for   d i s c u s s i o n   of  r e v e r s e  
t h r u s t   o p e r a t i o n ,   i t   i s   seen  t h a t   p u l l i n g   the   t h r o t t l e  

l e v e r   112,  back  from  the  0°,  e n g i n e   i d l e   p o s i t i o n ,   t o  

the   m i d - r e v e r s e   t h r u s t  p o s i t i o n ,   minus  30°  (330°  d i a l  

r e a d i n g )   r o t a t e s   i n p u t   spur   g e a r   and  p i n i o n ,   136  a n d  

137,  a x l e   138,  c a r r i e r   139,  and  yoke  a s s e m b l y   1 7 0 ,  
a b o u t   a x i s   Y-Y.  P l a n e t   gear   154  is  r e v o l v e d   a b o u t  

a x i s   Y-Y  and  b e c a u s e   of  i t s   e n g a g e m e n t   w i t h   sun  g e a r  
147  c a u s e s   r o t a t i o n   of  o u t p u t   spur   gea r   and  p i n i o n ,  
150  and  148,  o u t p u t   a x l e   151,  and  o u t p u t   c a b l e   q u a d r a n t  
118.  M a t c h i n g   r e a d i n g s   w i l l   be  o b t a i n e d   on  bo th   i n p u t  
and  o u t p u t   d i a l s   131  and  132,  at  a l l   t i m e s   s i n c e   cam 
f o l l o w e r s   168  a re   in  c o n t a c t   w i t h   f i x e d  

cam  p o r t i o n   158,  and  t hus   r e m a i n   u n a f f e c t e d   by  t r i m  

i n p u t   i n d u c e d   r o t a t i o n   (  not   shown  in  d r a w i n g s )   o f  
movable   cam  e l e m e n t   1 5 9 .  

As  d e s c r i b e d   h e r e i n   the   t h r o t t l e   l i n k a g e   c o n t r o l  

110  of  the   p r e s e n t   i n v e n t i o n   c o n t e m p l a t e s   a p p r o x i m a t e l y  
180°  of  cam  f o l l o w e r   168  r o t a t i o n   a b o u t   a x i s   Y-Y 

in  r e s p o n s e   to  60°  of  f o r w a r d   t h r u s t   r o t a t i o n   o f  

t h r o t t l e   l e v e r   112.  Cam  f o l l o w e r s   168  a re   in  c o n t a c t  

w i th   movab le   cam  p o r t i o n   159  d u r i n g   n e a r l y   a l l   of  t he   f o r w a r d  

t h r u s t   p o s i t i o n s   e x c e p t   e n g i n e   i d l e   (0°)  or  f u l l   f o r w a r d  

t h r u s t   (60°)  i . e .   w h e n . a x e s   R-R  and  T-T  a r e  
c o i n c i d e n t .   The  r e m a i n i n g   180°  of  cam  f o l l o w e r   168 

r o t a t i o n   is  d e d i c a t e d   to  r e v e r s e   t h r u s t   o p e r a t i o n s   a n d  

l o c a t e s   cam  f o l l o w e r s . 1 6 8 ,   in  c o n t a c t   w i t h   on ly   f i x e d   cam 

p o r t i o n   1 5 8 .  

Axes  Y-Y,  T-T,  G-G  and  R-R  s h a r e   a  common  p o i n t  
in  space   a t   a l l   t i m e s .   This  a r r a n g e m e n t   a l l o w s   f o r  



compact   r e l i a b l e   c o n s t r u c t i o n   and  ease   of  r e p a i r .  

I t   s h o u l d   be  r e a d i l y   a p p a r e n t   t h a t   t h r o u g h  

p r o p e r   s e l e c t i o n   of  a d d i t i o n a l   i n p u t   and  o u t p u t   g e a r i n g ,  
and  l e v e r   a s s e m b l y   122  (FIGURE  15),   the  a m o u n t  

of  cam  f o l l o w e r   168  r e v e r s e   t h r u s t   r o t a t i o n   can  b e  

s u b s t a n t i a l l y   d e c r e a s e d .   This   a l l o w s   f o r  

s u b s t n t i a l l y   more  than   180°  of  f o r w a r d   t h r u s t  

r o t a t i o n   of  cam  f o l l o w e r s   1 6 8 ,  a n d   thus   a  w ide r   band  o f  

p o s i t i o n s   nea r   e n g i n e   i d l e   and  f u l l   f o r w a r d   t h r u s t ,  
where  t r i m   i n p u t s   w i l l   not   a f f e c t   o u t p u t .  

Like  FIGURE  12,  FIGURE  31  is  a  g raph   of  the  f o r w a r d  

t h r u s t   o u t p u t   of  a  t h r o t t l e   l i n k a g e   c o n t r o l   a c c o r d i n g  
to  the  p r e s e n t   i n v e n t i o n ,   for   g i v e n   t h r o t t l e   l e v e r   112 

p o s i t i o n s .   The  l i n e   180  d e p i c t s   o u t p u t   fo r   a  g i v e n  
t h r o t t l e   l e v e r   12  p o s i t i o n s .   The  l i n e   180  d e p i c t s  

o u t p u t   fo r   a  g i v e n   t h r o t t l e   l e v e r   112  s e t t i n g   in  t h e  

a b s e n c e   of  t r i m   i n p u t s   t h r o u g h   movable   cam  159.  The 

cu rve   181,  d e p i c t s   the  maximum  o u t p u t   for   a  g i v e n  
t h r o t t l e   l e v e r   112  s e t t i n g   when  combined  wi th   u p t r i m  

i n p u t s .   Curve  182  d e p i c t s   the  minimum  o u t p u t   for   a  

g i v e n   t h r o t t l e   l e v e r   s e t t i n g   when  combined  w i t h  

downt r im  i n p u t s .   C l e a r l y ,   any  o u t p u t   be tween   c u r v e s  

181  and  182  may  be  a c h i e v e d   t h r o u g h   the  use  of  the   p r e s e n t  

i n v e n t i o n   d e p e n d e n t   only   upon  the  t h r o t t l e   l e v e r   112 

p o s i t i o n   and  the   amount  of  t r i m   i n p u t .   This   g r a p h  
is  g e n e r a t e d   by  the   s i m p l e   cam  a r r a n g e m e n t ,   i l l u s t r a t e d  

in  the   d r a w i n g s .   C l e a r l y ,   more  complex  c o n t o u r i n g   o f  

movable   cam  p o r t i o n   159,  would  r e s u l t   in  a  d i f f e r e n t   s e t  

of  c u r v e s   181,  182,  and  s t r a i g h t   l i n e   1 8 0 .  

A l t e r a t i o n   of  the  d e v i c e   110  to  a l l o w   for   m o r e  



f o r w a r d   t h r u s t   r o t a t i o n   of  cam  f o l l o w e r s   168,  onto  f i x e d  

cam  p o r t i o n   158,  a t   the   uppe r   and  lower   e x t r e m e s   o f  
t h r o t t l e   l e v e r   112  i n p u t   would  g e n e r a t e   o u t p u t  
b o u n d a r i e s   as  shown  by  l i n e   180  and  c u r v e s   183  and  1 8 4 .  
Line  p o r t i o n s   180a  and  1 8 0 b  r e p r e s e n t   the   e x t e n d e d  

p o r t i o n s   of  t h r o t t l e   l e v e r   112,  f o r w a r d   t h r u s t   s t r o k e ,  

d u r i n g   which  cam  f o l l o w e r s   168  a re   in  c o n t a c t   w i t h  
f i x e d   cam  158,  and  thus   r ema in   u n a f f e c t e d   by  m o v e m e n t  
of  movable   cam  p o r t i o n   159  a b o u t   a x i s   T - T .  

S i m i l a r l y ,   s t a n d a r d   a n t i - b a c k l a s h   m e a s u r e s   may  b e  

employed   w i th   the   p r e s e n t   i n v e n t i o n   to  e l i m i n a t e  

sy s t em  h y s t e r e s i s .   I d e a l l y ,   the   t h r o t t l e   l i n k a g e   c o n t r o l  

110  is  l o c a t e d   as  nea r   to  the  e n g i n e   as  p o s s i b l e ,   t o  

f u r t h e r   e l i m i n a t e   sys tem  h y s t e r e s i s   and  improve  f u e l  

e c o n o m y .  



1.  A  m e c h a n i c a l   v a r i a b l e   a u t h o r i t y   f u e l   c o n t r o l  

sys tem  fo r   an  e n g i n e   c o m p r i s i n g   i n p u t   means  (115)  

r e s p o n s i v e   to  a  b a s i c   s i g n a l   from  a  t h r o t t l e   c o n t r o l  

member  (15)  demanding   a  d e s i r e d   b a s i c   r a t e   of  f low  o f  

f u l e ,   an  o u t p u t   member  (44 ,118)   which  is  r e s p o n s i v e   to  t h e  

i n p u t   means  and  of  which   the  movement  forms  an  o u t p u t  
s i g n a l   c o n t r o l l i n g   m e t e r i n g   means  to  d e t e r m i n e   the  a c t u a l  

f low  of  f u e l ,   t r i m   means  ( 1 2 , 6 4 , 1 6 6 )   r e s p o n s i v e   to  a  t r i m  

s i g n a l   a r r a n g e d   to  va ry   the   o u t p u t   s i g n a l   r e s u l t   from  a  
g i v e n   p o s i t i o n   of  the   i n p u t   means,   and  m o d i f y i n g   m e a n s  
m e c h a n i c a l l y   d e p e n d e n t   on  the  p o s i t i o n   of  the   i n p u t   m e a n s  
for   m o d i f y i n g   the   v a r i a t i o n   of  the  p o s i t i o n   of  the   o u t p u t  
member  p r o d u c e d   by  a  g i v e n   movement  of  the  t r i m   m e a n s .  

2.  A  sys t em  as  c l a i m e d   in  Claim  1  in  which  t h e  
t r i m   s i g n a l   is  a  f u n c t i o n   of  at  l e a s t   one  e n g i n e   p a r a m e t e r  
or  f l i g h t   p a r a m e t e r .  

3.  A  sys tem  as  c l a i m e d   in  Cla im  1  or  Claim  2  in  w h i c h  
the   m o d i f y i n g   means  a re   such  t h a t   a t   l e a s t   at   one  p o s i t i o n  
of  the  i n p u t   means  the   t r i m   means  p r o d u c e   z e r o  
m o d i f i c a t i o n   of  the   o u t p u t   s i g n a l .  

4.  A  s y s t e m   as  c l a i m e d   in  Claim  1  or  Claim  2  or  Claim  3 

in  which  the   m o d i f y i n g   means  c o m p r i s e   a  cam  and  cam 
f o l l o w e r   ( 3 0 , 7 4 , 1 5 9 ) .  

5.  A  sys t em  as  c l a i m e d   in  a n y  o n e   of  t he   p r e c e d i n g  

c l a i m s   i n c l u d i n g   an  i n p u t   member  and  an  o u t p u t   member  

mounted  c o a x i a l l y   to  t u r n   about   a  main  ax i s   (Y-Y) 

and  one  c a r r y i n g   a  sun  gea r   (66 ,147)   w h i l e   the  o t h e r  

c a r r i e s   a  p l a n e t   c a r r i e r   ( 5 6 , 1 3 9 ) ,   a  p l a n e t   g e a r  
(156 ,147)   mounted  on  the  p l a n e t   c a r r i e r   to  mesh  wi th   t h e  



sun  gear   (147)  and  to  t u r n   abou t   a  p l a n e t   a x i s  

p e r p e n d i c u l a r   to  the   main  a x i s ,   so  t h a t   movement  of  t h e  

p l a n e t   gear   abou t   i t s   a x i s   w i l l   add  to  or  s u b t r a c t   f r o m  

movement  of  the   s u n  g e a r   due  to  t h a t   of  the   i n p u t   member ,  
and  cam  means  (157)  s e r v i n g   to  e f f e c t   movement  of  t h e  

p l a n e t   abou t   i t s   a x i s   d e p e n d e n d e n t   upon  the   t r i m   s i g n a l .  

6.  A  sys tem  as  c l a i m e d   in  Claim  5  in  which  t h e  

sun  gear   and  p l a n e t   gear   a re   mesh ing   b e v e l s .  

7.  A  s y s t e m   as  c l a i m e d   in  Claim  5  or  Claim  6  in  w h i c h  
the  p l a n e t   c a r r i e r   c a r r i e s   a  cam  f o l l o w e r   (60,  168)  

spaced   t h e r e f r o m   and  c o - o p e r a t i n g   w i t h   a  c a m  ( 6 2 , 1 5 7 )  

g e n e r a l l y   c o n f o r m i n g   to  the   pa th   of  the   f o l l o w e r   a n d  

shaped   to  have  a  p o s i t i o n   in  which  i t   p r o d u c e s   no  
movement  of  the   f o l l o w e r   p a r a l l e l   to  the   main  ax i s   due  t o  
r o t a t i o n   of  the   cam  but   a d j u s t a b l e   in  a c c o r d a n c e   w i t h  
the   t r i m   s i g n a l   to  p r o d u c e   more  or  l e s s   t u r n i n g   of  t h e  

f o l l o w e r   and  p l a n e t   to  add  to  or  s u b - t r a c t   from  t h e  

b a s i c   movement  of  the   o u t p u t   m e m b e r .  

8.  A  sys tem  as  c l a i m e d   in  Claim  7  in  which  the  cam  (62)  

e x t e n d s   g e n e r a l l y   a long   and  is  a d j u s t a b l e   abou t   an  a x i s  

which  l i e s   in  a  p l a n e   normal   to  the   main  a x i s .  

9.  A  s y s t e m   as  c l a i m e d   in  Claim  7  in  which   the   cam  (157)  

has  a  movab le   p a r t - c i r c u l a r   t r a c k   (159)  h a v i n g   a  z e r o  

p o s i t i o n   2n  which  the  ax i s   of  the   p a r t   c i r c u l a r   t r a c k  
(15a)  is  c o a x i a l   w i t h   the  m a i n   ax i s   a n d  t h e   cam  i s  
a d j u s t a b l e   a b o u t   an  ax i s   p e r p e n d i c u l a r   to  the  main  ax i s   i n  
d e p e n d e n c e   on  the   t r i m   s i g n a l .  



10.  A  s y s t e m   as  c l a i m e d   in  Claim  7  or  Claim  9  in  w h i c h  

the  cam  has  a  s e m i c i r c u l a r   t r a c k   (159)  a d j u s t a b l e   a b o u t  

a  d i a m e t e r   p e r p e n d i c u l a r   to  t he   main  a x i s   so  t h a t   when  t h e  

i n p u t   s i g n a l   is  such  t h a t   the   f o l l o w e r   engages   e i t h e r  

end  of  t he   t r a c k   a d j u s t m e n t   about   the   d i a m e t e r   p r o d u c e d  
no  t u r n i n g   of  the  p l a n e t   w h e r e a s   when  the   f o l l o w e r   i s  
in  an  i n t e r m e d i a t e   p o s i t i o n   i t   p r o d u c e s   a  maximum 

t u r n i n g   movement  of  the   p l a n e t   for   a  g i v e n   t r a c k   d i s p l a c e m e n t .  

11.  A  sys t em  as  c l a i m e d   in  Cla im  10,  i n c l u d i n g   a  
f i x e d   t r a c k   (158) ,   f o rming   a  c o n t i n u a t i o n   of  the   s e m i -  
c i r c u l a r   a d j u s t a b l e   t r a c k   at  each  end  of  the   l a t t e r   s o  
t h a t   at   each  end  of  the   r ange   cf  movement  of  t h e  

i n p u t   member  in  which  the   t r im   s i g n a l   c o n t r i b u t e s   a 

component   to  the  o u t p u t   s i g n a l   t h e r e   is  a  f u r t h e r   r a n g e  
in  which  the  t r i m   s i g n a l   c o n t r i b u t e s   no  component   to  t h e  

o u t p u t   s i g n a l .  

12.  A  sys tem  as  c l a i m e d   in  a n y  o n e   of  Cla ims  1 - 4  

i n c l u d i n g   a  f l o a t i n g   l e v e r   (34)  h a v i n g   t h r e e   p i v o t s   ( 3 2 , 4 8 , 3 8 )  
c o n n e c t e d   r e s p e c t i v e l y   to  the  i n p u t   member,  the   o u t p u t  
member,  and  a  member  movable   in  a c c o r d a n c e   w i th   the  t r i m  

s i g n a l   at  l e a s t   one  of  which  p i v o t s   is  a d j u s t a b l e  

a long   the  l e v e r   to  and  from  a  p o s i t i o n   in  which   t h e  

i n p u t   and  o u t p u t   p i v o t s   are   c o a x i a l   so  t h a t   the   o u t p u t  
movement  is  i n d e p e n d e n t   of  the  t r i m   s i g n a l .  

13.  A  sys t em  as  c l a i m e d   in  Cla im  12  in  which  t h e  

i n p u t   p i v o t   is  c a r r i e d   by  an  a d j u s t a b l e   c rank   (20)  o n  

a  s l i d e r   (24)  mounted   to  s l i d e   t owards   and  away  f r o m  

i t s   ax i s   under   the   c o n t r o l   of  a  s t a t i o n a r y   cam  (30)  so  t h a t  

i t s   p o s i t i o n   depends   on  the  i n p u t   s i g n a l .  
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